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COMPOSITIONS AND METHODS FOR
TREATING CANCER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority of
U.S. Provisional Appl. No. 63/187,538, filed May 12, 2021,
the content of which is incorporated herein by reference in
its entirety.

STATEMENT OF FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with government support

under Grant Nos. RO1-2072377, RO1-124929, P50-100007
and PO1-155258 awarded by the National Institutes of
Health. The Government has certain rights 1n the invention.

SEQUENCE LISTING

[0003] The nstant application contains a Sequence Listing
which has been submitted electronically 1n ASCII format

and 1s hereby incorporated by reference 1n 1ts enftirety. Said
ASCII copy, created on Apr. 21, 2022, 1s named 00530-

0412WO1_SL.txt and 1s 47,441 bytes 1n size.

TECHNICAL FIELD

[0004] This disclosure relates to compositions and meth-
ods for the treatment of cancer (e.g., blood cancer) and/or
pre-cancerous conditions.

BACKGROUND

[0005] Blood cancers such as leukemia (e.g., acute myel-
ogenous leukemia or AML), Non-Hodgkin lymphoma
(NHL), and multiple myeloma (MM) aflect an estimated 1.2
million people 1n the US (Cancer Facts and Figures 2020)
American Cancer Society). Of these, multiple myeloma
(MM) 1s the second most common hematological malig-
nancy that aflects approximately 47,000 in United States
annually (Shah D., Medscape (2021) April 15). Monoclonal
gammopathy of undetermined significance (MGUS) and
smoldering multiple myeloma (SMM) are monoclonal gam-
mopathies which are of particular importance because
MGUS or SMM patients are at risk for progression into MM
or Waldenstrom macroglobulinemia (WM). See Perez-Per-
sona et al. Blood (2007) 110, 2586-2592; Han, Jh., et al.,
Blood Cancer J. (2020) 10, 34. MM 1s associated with
significant morbidity due to 1ts end-organ destruction (Ka-
zandjian D. Semin Oncol. (2016); 43(6):676-681). Although
MM 1s treated using, e.g., chemotherapy alone or 1n com-
bination with a bone marrow transplant, the prognosis for
patients afllicted with multiple myeloma 1s generally poor.
Eflicacious therapies and/or prophylactic regimens for MM,
WM and 1ts associated pre-cancerous conditions are there-
fore urgently needed.

SUMMARY

[0006] This disclosure relates to human Lymphocyte-ac-
tivation gene 3 (LAG3) and human Galectin-3 (GAL3)

inhibitory agents, and methods of their use either alone or 1n

combination with (1) immunogenic X-Box Binding Protein
1 (XBP1), CD2 Subset 1 (CS1), and CD138 peptides, and/or
(2) ex vivo activated immune cells specific for the XBP1/
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CS1/CD138 peptides, and/or (3) checkpoint inhibitors, for
the treatment of cancer (e.g., blood cancer) and/or pre-
cancerous conditions.

[0007] In a first aspect, this disclosure features a method
of treating a human subject with a blood cancer or a
pre-cancerous blood condition, the method comprising
administering to the human subject a therapeutically efiec-
tive amount of one or more inhibitory agents that inhibit

interaction between human Lymphocyte-activation gene 3
(LAG3) and human Galectin-3 (GAL?3).

[0008] In a second aspect, this disclosure features a
method of treating a human subject with a pre-cancerous
blood condition, a blood cancer, wherein precancerous cells
or cancer cells of these conditions express one or more of
X-Box Binding Protein 1 (XBP1), CD2 Subset 1 (CS1), and
CD138, the method comprising administering to the human
subject a combination of (a) a therapeutically eflective
amount of one or more mhibitory agents that inhibit the
interaction between human LAG3 and human GAL3; with
(b) at least one of (1) a multipeptide vaccine comprising a
mixture of immunogenic peptides from one or more of
XBP1, CS1, and CD138 that can imnduce antigen-specific T
lymphocytes with anti-cancer activity; (11) ex vivo activated
XBP1, CS1, and/or CD138-specific T lymphocytes or
peripheral blood mononuclear cells (PBMCs) with anti-
cancer activity; and (111) nanoparticles comprising a mixture
of immunogenic peptides from one or more (1, 2, 3) of

XBP1, CS1, and CD138 that can induce antigen-specific T
lymphocytes with anti-cancer activity.

[0009] In a third aspect, this disclosure features a method
for 1nhibiting progression from smoldering multiple
myeloma (SMM) or monoclonal gammopathy of under-
mined significance (MGUS) to multiple myeloma (MM) 1n
a human subject 1n need thereof, the method comprising
administering to the human subject a combination of (a) a
therapeutically eflective amount of one or more nhibitory
agents that inhibit the interaction between human LLAG3 and
human GAL3; with (b) at least one of (1) a multipeptide
vaccine comprising a mixture of immunogenic peptides
from one or more of XBP1, CS1, and CD138 that can induce
antigen-specific T lymphocytes with anti-cancer activity;(11)
ex vivo activated XBPI1, CS1, and/or CD138-specific T
lymphocytes or peripheral blood mononuclear cells
(PBMCs) with anti-cancer activity; and (c¢) nanoparticles
comprising a mixture of immunogenic peptides from one or
more (1, 2, 3) of XBP1, CS1, and CD138 that can induce
antigen-specific T lymphocytes with anti-cancer activity.

[0010] In some cases of the second or third aspects above,
peptide vaccination further comprises administering an
adjuvant. In some cases, the adjuvant 1s incomplete Freund’s
adjuvant (IFA), Polyimnosinic-polycytidylic acid, or poly-L-
lysine (poly-ICLC)).

[0011] In certain instances of the second or third aspects
above, the components of (a) and (b) of the combination are
administered simultaneously, sequentially or, alternately. In
some 1nstances of the second or third aspects above, the
components of (a) and (b) of the combination are adminis-
tered multiple times during treatment.

[0012] In some instances of the second or third aspects
above, the components of (a) and (b) of the combination are
administered intravenously, intra-arterially, subcutaneously,
intramuscularly, intraperitoneally, transdermally, orally, sub-
lingually, 1ntranasally, or transmucosally to the subject.
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[0013] In some instances, the inhibitory agent 1s (a) an
ant1-LAG3 antibody that specifically binds to human LAG?3;
(b) an ant1-GAL?3 antibody that specifically binds to human
GAL3; (¢) a polypeptide comprising an extracellular domain
of LAG3 that binds GAL3; or (d) a GAL3 inlibitor. In
certain cases, the mnhibitory agent triggers T lymphocyte
proliferation 1n the human subject and/or Cluster of Difler-
entiation 107a (CD107a) degranulation and/or Thl-type
cytokine production. In some cases, the anti-L AG3 antibody
and the anti-GAL3 antibody 1s a chimeric antibody, a
humanized antibody, a bispecific antibody, or an antigen-
binding fragment. In some cases, the anti-LAG3 antibody
and the anti-GAL?3 antibody 1s an antigen-binding fragment
that 1s an Fab, F(ab),, a scFv, a sc(Fv),, or a diabody. In
some 1instances, the Thl-type cytokine 1s one or more of
interferon-y (IFNvy), iterleukin 2 (IL-2), IL-12, IL-18, and
IL-277. For example, the Thl-type cytokine 1s IFNy.

[0014] In some cases, the anti-LAG3 antibody 1s (1) an
ant1-LAG3 antagonistic antibody (optionally, Relatlimab,
Encelimab, Favezelimab, Fianlimab, Ieramilimab, or Mipte-
nalimab); (11) an anti-LAG3 depleting antibody (optionally
IMP731, or GSK2831781); or (111) a soluble LAG3 immu-
noglobulin fusion protein (optionally Eftilagimod alpha);
(1v) a bispecific antibody that binds LAG3 and Programmed
cell death protein 1 (PD1), or a bispecific antibody that binds
[LAG3 and tumor necrosis factor receptor superfamily, mem-
ber 4 (0X40), or a bispecific antibody that binds LAG3 and
Glucocorticoid-Induced Tumor Necrosis Factor Receptor-
Related (GITR). In some cases, the GAL3 inhibitor 1s (1) a
small molecule mhibitor of LAG3 or GAL3; or (1) GB0139
(TD139), belapectin, or modified citrus pectin.

[0015] In some instances, the anti-LAG3 antibody and/or
the anti-GAL3 antibody has one or more of the following
functions: (a) blocks interaction between LAG3 and GAL3;
(b) the anti-LAG3 antibody competes with GAL3 for LAG3
binding and/or the anti-GAL3 antibody competes with
LAG3 for GAL3 binding; (c¢) blocks LAG3 and/or GAL3
activation; or (d) blocks LAG3 and/or GAL3 signaling.

[0016] In some instances, the human subject 1s concur-
rently treated with one or more additional treatments,
wherein the additional treatment 1s one or more forms of
ionizing radiation and/or one or more agents selected from
the group consisting of a therapeutic antibody, an immuno-
modulatory drug, a histone deacetylase (HDAC) inhibitor,
an antineoplastic agent, a proteasome nhibitor, an antibody-
drug conjugate, a nuclear export inhibitor; a corticosteroid.
In some cases, the therapeutic antibody 1s selected from one
or more of an ant1-PD1 antibody (optionally Pembrolizumab
or Nivolumab), an anti-PD-L1 antibody (optionally Dur-
valumab), an ant1-CD38 antibody (optionally Daratumumab
or Isatuximab), an anti-SLAMF7 antibody (optionally
Elotuzumab), an anti-CTLA4 antibody (optionally Ipilim-
umab or Tremelimumab), an ant1-TIM3 antibody (optionally

Cobolimab), an anti-VISTA antibody (optionally SG7 or
WO0180), an anti-OX-40 antibody (optionally PF-04518600,
or IBI101), and an anti-GITR antibody (optionally BMS-
9861356); the immunomodulatory drug is selected from one
or more of lenalidomide, pomalidomide, and thalidomide;
the HDAC inhibitor 1s citarinostat and/or panobinostat; the
antineoplastic agent 1s selected from one or more of cyclo-
phosphamide, etoposide, oxorubicin, liposomal doxorubi-
cin, melphalan, melphalan flufenamide, and bendamustine;
the proteasome inhibitor 1s selected from one or more of
bortezomib, carfilzomib, and 1xazomib; the antibody-drug
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conjugate 1s belantamab mafodotin-blmf{; the nuclear export
inhibitor 1s selinexor; and the corticosteroid 1s dexametha-
sone and/or prednisone.

[0017] In some instances, any of the above methods
increase at least one of the following parameters in the
human subject relative to a control population treated with
the one or more additional treatments alone: (a) objective
response rate (ORR); (b) time to next treatment (1’ TNT); (¢)
overall survival (OS); (d) progression free survival (PFS);

and (e) the chance of achieving a negative minimal residual
disease (MRD).

[0018] In some cases, the blood cancer 1s multiple
myeloma (MM), leukemia, Non-Hodgkin lymphoma
(NHL), or Waldenstrom’s macroglobulinemia; and the pre-
cancerous blood condition 1s smoldering multiple myeloma
(SMM) or monoclonal gammopathy of undermined signifi-
cance (MGUS). In some cases, the leukemia i1s acute
myeloid leukemia (AML). The MM 1s active MM, newly
diagnosed MM, relapsed MM, or relapsed/refractory MM.

[0019] In some instances of the second or third aspects
above, the mixture of immunogenic peptides 1s selected
from (a) one, two, three, or four HLA-A2-restricted peptides
recited below: (1) a peptide of 50 amino acids or less in
length comprising the amino acid sequence of non-spliced
XBP1 set forth in SEQ ID NO: 24 (YISPWILAV) with 0, 1,
2, 3, or 4 substitutions, wherein the non-spliced XBPI1
peptide binds to HLA-A2; (1) a peptide of 50 amino acids
or less 1n length and comprising the amino acid sequence of
spliced XBP1 set forth in SEQ ID NO: 25 (YLFPQLISV)
with 0, 1, 2, 3, or 4 substitutions, wherein the spliced XBP1
peptide binds to HLA-A2; (i11) a peptide of 50 amino acids
or less 1n length and comprising the amino acid sequence of
CD138 peptide set forth in SEQ ID NO: 26 (GLVGLIFAV)
with 0, 1, 2, 3, or 4 substitutions, wherein the CD138 peptide
binds to HLA-A2; and (1v) a peptide of 30 amino acids or
less 1n length comprising the amino acid sequence of CS-1
set forth in SEQ ID NO: 27 (SLFVLGLFL) with 0, 1, 2, 3,
or 4 substitutions, wherein the CS-1 peptide binds to HL A-
A2; or (b) one, two, three, or four HLA-A24-restricted
peptides recited below (1) a peptide of 50 amino acids or less
in length comprising the amino acid sequence of non-spliced
XBP1 set forth in SEQ ID NO: 28 (ISPWILAVL) with 0, 1,
2, 3, or 4 substitutions, wherein the non-spliced XBPI1
peptide binds to HLA-A24; (11) a peptide of 50 amino acids
or less 1n length and comprising the amino acid sequence of
spliced XBP1 set forth in SEQ ID NO: 29 (VYPEGPSSL)
with 0, 1, 2, 3, or 4 substitutions, wherein the spliced XBP1
peptide binds to HLA-A24; (i11) a peptide of 50 amino acids
or less 1n length and comprising the amino acid sequence of
CD138 set forth in SEQ ID NO: 30 (IFAVCLVGF) with 0,
1, 2, 3, or 4 substitutions, wherein the CD138 peptide binds
to HLA-A24; and (1v) a peptide of 50 amino acids or less in
length comprising the amino acid sequence of CS-1 set forth
in SEQ ID NO: 32 (LFVLGLFLW) with 0, 1, 2, 3, or 4
substitutions, wherein the CS-1 peptide binds to HLA-A24.

[0020] In some instances of the second or third aspects
above, the mixture of immunogenic peptides 1s selected
from (a) one, two, three, or four of HLA-A2-restricted
peptides recited below: (1) a peptide comprising the amino
acid sequence of non-spliced XBP1 set forth in SEQ ID NO:
24 (YISPWILAV); (11) a peptide comprising the amino acid
sequence of spliced XBP1 set forth in SEQ ID NO: 25
(YLFPQLISV); (111) a peptide comprising the amino acid
sequence of CD138 set forth 1n SEQ 1D NO: 26 (GLVGLI-
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FAV); and (iv) a peptide of comprising the amino acid
sequence of CS-1 set forth mm SEQ ID NO: 27
(SLEFVLGLFL); or (b) one, two, three, or four of HLA-A24-
restricted peptides recited below: (1) a peptide comprising,
the amino acid sequence of non-spliced XBP1 set forth in
SEQ ID NO: 28 (ISPWILAVL); (11) a peptide comprising the
amino acid sequence of spliced XBP1 set forth in SEQ ID
NO: 29 (VYPEGPSSL); (111) a peptide comprising the amino
acid sequence of CDI138 set forth mm SEQ ID NO: 30
(IFAVCLVGF); and (1v) a peptide comprising the amino
acid sequence of CS-1 set forth n SEQ ID NO: 31
(LEFVLGLFLW).

[0021] In some instances of the second or third aspects
above, the mixture of immunogemc peptides 1s selected
from (a) one, two, three, or four of HLA-A2-restricted
peptides recited below: (1) a peptide consisting of the amino
acid sequence of non-spliced XBP1 set forth in SEQ ID NO:
24 (YISPWILAV); (1) a peptide consisting of the amino acid
sequence of spliced XBP1 set forth in SEQ ID NO: 25
(YLFPQLISV); (111) a peptide consisting of the amino acid
sequence of CD138 set forth in SEQ ID NO: 26 (GLVGLI-
FAV); and (1v) a peptide of consisting of the amino acid
sequence of CS-1 set forth mm SEQ ID NO: 27
(SLEFVLGLFL); or (b) one, two, three, or four of HLA-A24-
restricted peptides recited below: (1) a peptide consisting of
the amino acid sequence of non-spliced XBP1 set forth in
SEQ ID NO: 28 (ISPWILAVL); (1) a peptide con51st1ng of
the amino acid sequence of spliced XBP1 set forth in SEQ
ID NO: 29 (VYPEGPSSL); (111) a peptide consisting of the
amino acid sequence of CD138 set forth in SEQ ID NO: 30
(IFAVCLVGF); and (1v) a peptide consisting of the amino
acid sequence of CS-1 set forth m SEQ ID NO: 31
(LFVLGLFLW).

[0022] In some instances, the ex vivo activated T lympho-
cytes are generated by the following steps: (a) providing or
isolating T lymphocytes and antigen presenting cells from
the human subject or an HL A-matched donor; (b) contacting,
the antigen presenting cells with a multipeptide vaccine
comprising three or more of a non-spliced XBP1 peptide, a
spliced XBP1 peptide, a CD138 peptide, and a CS-1 peptide;
and (c¢) contacting the T lymphocytes with the antigen
presenting cells from step (b) to generate ex vivo activated
T lymphocytes.

[0023] In some mstances, the ex vivo activated PBMCs
are generated by the following steps: (a) providing or
isolating PBMCs from the human subject or an HLA-
matched donor; (b) contacting the PBMCs with a mixture of
immunogenic peptides comprising three or more of a non-
spliced XBP1 peptide, a spliced XBP1 peptide, a CD138
peptide, and a CS-1 peptide; and (¢) generating €x vivo
activated PBMC:s.

[0024] In some instances, the human subject with the
pre-cancerous blood condition does not develop MM.

[0025] In another aspect, the disclosure provides a method
for increasing T lymphocyte responses 1n a tumor microen-
vironment while reducing immunosuppression 1 a human
subject 1n need thereof, the method comprising administer-
ing a combination of (a) a therapeutically effective amount
of one or more mhibitory agents that inhibit the interaction
between human LAG3 and human GAL3; with (b) a thera-
peutically eflective amount of one or more of an anti-PD]1
antibody, an ant1-OX40 antibody, and an anti-GITR anti-
body. In some instances, the inhibitory agent 1s an anti-
L.AG3 antibody or an anti-GAL?3 antibody. For example, the
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ant1-LAG3 antibody 1s Relatlimab and the anti-PD1 anti-
body 1s Pembrolizumab or Nivolumab.

[0026] In yet another aspect, the disclosure provides a
pharmaceutical composition comprising (a) any one or a
mixture of two or more immunogenic peptides, wherein the
immunogenic peptides comprise the amino acid sequence of
a non-spliced XBP1 peptide, a spliced XBP1 peptide, a CD
138 peptide, and a CS1 peptide; (b) a LAG3 inhibitory agent
and/or a GAL3 inhibitory agent; and (¢) a pharmaceutically
acceptable carrier.

[0027] In another aspect, the disclosure provides a com-
bination comprising (a) a multipeptide vaccine comprising
at least three immunogenic peptides, wherein the immuno-
genic peptides comprise the amino acid sequence of a
non-spliced XBP1 peptide, a spliced XBP1 peptide, a CD
138 peptide, and a CS-1 peptide; and (b) a composition
comprising a LAG3 imhibitory agent and/or a GAL3 inhibi-
tory agent. In yet another aspect, the disclosure provides a
combination comprising (a) means for targeting HLA-A2+
or HLA-A24+ pre-cancerous or cancerous cells that express
one or more of XBP1, CS1, and CD138, and (b) a LAG3
inhibitory agent and/or a GAL3 inhibitory agent. In another
aspect, the disclosure provides a combination comprising (a)
anti-myeloma-specific T lymphocytes targeting XBPI,
CD138 and CS1-expressing cells from SMM, MGUS, or
MM patients and (b) means for specifically binding human
LLAG3 and/or means for specifically binding human GAL?3.
In yet another aspect, the disclosure provides a combination
comprising (a) anti-myeloma-specific PBMCs targeting
XBP1, CDI138 and CSl-expressing cells from SMM,
MGUS, or MM patients and (b) means for specifically
binding human LAG3 and/or means for specifically binding
human GAL3. In another aspect, the disclosure provides a
combination comprising (a) nanoparticles comprising a mix-
ture of immunogenic peptides from one or more (1, 2, 3) of
XBP1, CS1, and CD138 and (b) means for specifically
binding human LAG3 and/or means for specifically binding
human GAL3. In some instances of any of the above
combinations, (a) and (b) are formulated for administration
to a human subject 1n need thereof, simultaneously, sequen-
tially or, alternately.

[0028] In vet another aspect, the disclosure provides a kit
comprising (a) a first composition comprising at least three
ol a non-spliced XBP1 peptide, a spliced XBP1 peptide, a
CD 138 peptide and a CS-1 peptide, (b) a second compo-
sition comprising an anti-LAG3 antibody and/or an anti-
GAL3 antibody, and optionally, (¢) instructions for admin-
istering the first and second compositions to a subject. In
some 1nstances, the kit further comprises one or more
additional therapeutic agents.

[0029] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Methods and matenals are described
herein for use 1n the present invention; other, suitable
methods and materials known 1n the art can also be used.
The materials, methods, and examples are illustrative only
and not intended to be limiting. All publications, patent
applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in
their entirety. In case of contlict, the present specification,
including definitions, will control.
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[0030] Other features and advantages of the mnvention will
be apparent from the following detailed description and
figures, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIGS. 1A-1C show proliferation of specific T cell
subsets as measured by a Carboxy Fluorescein Succinimidyl
Ester (CFSE) assay and acquired by flow cytometry. Bone
marrow mononuclear cells (BMMC) {rom Multiple
Myeloma (MM) patients (newly diagnosed, relapsed,
relapsed/refractory) were treated with low dose (20 units)
IL-2 and evaluated for proliferation. FIG. 1A shows prolii-
eration of total CD3+ T cells, and CD3+ T cells expressing
PD1, LAG3, OX40 or GITR 1n cultures of BMMC from
MM patients (N=10). FIG. 1B shows proliferation of CD3+
T cells, CD4+ Th cells and CD&+ Tc cells with anti-PD1,
ant1-LAG3, ant1-OX40 or anti-GITR treatment. FIG. 1C
shows proliferation of CD3+ T cells in newly diagnosed
(N=6) or relapsed (IN=3) MM patients PBMC with anti-
LAG3 or ant1-OX40 treatment, with or without MM lysates
stimulation. (*p<t0.05)

[0032] FIGS. 2A-2B show characterization of regulatory
T cells in BMMC or PBMC from patients with smoldering
multiple myeloma (SMM), monoclonal gammopathy of
undermined significance (MGUS), or MM and healthy 1ndi-
viduals. Freshly 1solated BMMC or peripheral blood mono-
nuclear cells (PBMCs) from patients with MGUS (BM:
N=5, PB: N=35), SMM (BM: N=5, PB: N=3), newly diag-
nosed MM (BM: N=3, PB: N=5), relapsed MM (BM: N=5,
PB: N=5), relapsed/refractory MM (BM: N=35, PB: N=5),
and healthy donors (BM: N=4, PB: N=5) were evaluated for
the frequency of regulatory T cells and their expression of

immune checkpoints using tlow cytometry. FIG. 2A shows
CD4+ Treg (CD25+FOXP3+/CD3+CD4+) cells in BMMC

and PBMCs 1n active MM patients, MGUS/SMM patients or
healthy individuals. FIG. 2B shows PD1, LAG3 or GITR
expression 1 CD4+ Treg cells from active MM patients,
MGUS/SMM patients or healthy individuals. (*p<0.05)
[0033] FIGS. 3A-3C show characterization of Myeloid-
derived suppressor cells (MDSCs) and CD138+ MM cells 1n
BMMC or PBMC from patients with MGUS, SMM or MM
and healthy donors. Freshly isolated BMMC or PBMC from
patients with MGUS (BM: N=5, PB: N=3), SMM (BM:
N=5, PB: N=5), newly diagnosed MM (BM: N=5, PB:
N=5), relapsed MM (BM: N=5, PB: N=5), relapsed/refrac-
tory MM (BM: N=5, PB: N=5) and healthy donors (BM:
N=4, PB: N=5) were evaluated for the frequency of MDSC
or CD138+MM cells and their expression of immune check-
points using flow cytometry. FIG. 3A shows G-type MDSC
(CD11b+CD33+  HLA-DRlow/-CD14-CD15+4), and
M-type MDSC (CDI11b+CD33+ HLA-DRIlow/-CD14+
CD135-) cell populations from active MM patients, MGUS/
SMM patients or healthy individuals. FIG. 3B shows
PD-L1, PD-L2 or LAG3 cell populations in G-type MDSC
from BMMC and PBMC in active MM patients, MGUS/
SMM patients or healthy individuals. FIG. 3C shows PD-L1
and PD-L2 expression i CDI138+ tumor cells in MM
patients’ BMMCs and healthy individual BMMCs. (*p<0.
05)

[0034] FIGS. 4A-4B show distribution, location and
expression level of key immune checkpoints, activation and
costimulatory molecules in MM patients BMMCs. Cell
surface and intracellular expression of immune checkpoints
were evaluated and compared 1n BMMC's from MM patients
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(newly diagnosed, relapsed, relapsed/refractory; N=9) using
flow cytometry. FIG. 4A shows surface and intracellular
expression of CTLA4, PD1, LAG3, and TIM3 1 CD3+ T
cells in BMMCs from MM patients. FIG. 4B shows surface
and intracellular expression of CTLA4, PD1, GAL-9 and
ICOS-L 1n CD138+ tumor cells in BMMCs from MM
patients. (*p<0.03)

[0035] FIGS. 5A-5C show the impact of checkpoint
inhibitor or immune agonist treatment on MM patients’
BMMCs. BMMCs from MM patients were treated with a
checkpoint inhibitor or immune agonist 1n the presence of
low level of IL-2 (20 units/ml) and examined for checkpoint

expression and immune function using tlow cytometry. FIG.
5A shows proliferation of PD1+ or LAG3+ T cells when

BMMCs from MM patients (N=10) were treated with anti-
PDI1, anti-LAG3, ant1-OX40 or anti1-GI'TR antibodies. FIG.
5B shows CD4+ Treg proliferation when BMMC of MM
patients (N=35) were treated with anti-PD1, anti-LAG?3,
ant1-OX40 or anti-GITR antibodies. FIG. 5C shows Treg
proliferation when BMMC from MM patients (N=3) were
treated with anti-PD1, anti-LAG?3, ant1-OX40 or anti-GITR

antibodies or combinations thereof as indicated. (*p<<0.03)

[0036] FIGS. 6A-6C show the impact of checkpoint
inhibitor treatment on anti-MM activities of XBP1/CD138/
CS1-specific CTL. HLA-A2-specific XBP1/CD138/CS1-
specific CTL (N=5) were generated by four cycles of weekly
stimulation of CD3+ T cells with immunogenic XBP1/
CD138/CS1 peptides and then examined for their pheno-
typic profiles and functional activities against MM using
flow cytometry. FIG. 6A shows T cell activation (CD69) and
checkpoint (CTLA4, PD1, LAG3, VISTA, TIM3) expres-
sion on MM-specific CTL at the indicated times post the
fourth cycle of multi-peptide stimulation. FIG. 6B shows
induced proliferation of total CD8+ CTL as well as central

memory, ellector memory, CD28+ and CD38+ CTL subsets;
and FIG. 6C shows CDI107a+ degranulation and IFN-y

production; in XBP1/CDI138/CS1-specific CTLs which
were untreated, or treated with immune checkpoint inhibi-

tors ant1-LAG3 antibody or anti-PD1 antibody, in response
to HLA-A2-matched U266 MM cells.

[0037] FIGS. 7TA-7C show the phenotype and functional
characterization of the LAG3 ligands, GAL-3 and HLA-DP/
DQ/DR on CD138+ cells in BMMCs or PBMCs from MM
patients, evaluated by flow cytometry. FIG. 7A shows
GAL-3 and HLA-DP/DQ/DR 1ntracellular and cell surface
expression 1n CD138+ tumor cells from MM patients (N=4).
FIG. 7B shows proliferation of CD8+Tc cells and CD4+Th
cells after treatment of MM patients” BMMCs with anti-
GAL-3 and anti-HLA-DP/DQ/DR antibodies. FIG. 7C
shows proliferation of CD8+1c¢ cells and CD4+Th cells 1n
BMMCs from MM patients (N=5) with anti-GAL-3 and
anti-HLA-DP/DQ/DR antibodies (*p<0.05).

[0038] FIGS. 8A-8C shows the impact of inhibition of
LLAG3 ligands on proliferation and anfti-tumor activities
analyzed by flow cytometry using XBP1/CD138/CS1-spe-
cific CD8+ CTL against MM cells. FIG. 8A shows 1ntrac-
cllular and cell surface expression of GAL-3 and HLA-DP/
DQ/DR 1n CD138+ tumor cells of MM cell lines (N=3).
FIG. 8B shows proliferation of MM-specific CD8+ CTLs 1n
response to HLA-A2+U266 MM cells, treated with anti-
GAL-3 and anti-HLA-DP/DQ/DR antibodies. The XBP1/
CD138/CS1-CTL: MM cells ratios used were 1:1, 1:0.5, and
1:0.25). FIG. 8C shows proliferation of LAG+ cells trig-
gered 1 XBP1/CD138/CS1-specific CTLs by stimulation
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with U266 treated with anti-GAL-3 and anti-HLA-DP/D(Q)/
DR antibodies. The XBP1/CDI138/CS1-CTL: MM cells
ratios used were 1:1, 1:0.5, 1:0.25, and 1:0. (*p<0.03)
[0039] FIG. 9 shows proliferation of CD3+ T cells, CD4+
T cells and CD8+ T cells n BMMC cells stimulated with
irradiated tumor cells or tumor lysates and treated with
ant1-L AG3, ant1-PD1, ant1-OX40, and ant1-GITR antibodies.
(*p<0.05)

DETAILED DESCRIPTION

[0040] This disclosure 1s based, 1 part, on the findings
that (1) proliferating T cells 1n bone marrow mononuclear
cells or peripheral blood mononuclear cells from patients
with multiple myeloma upregulate a key checkpoint, Lym-
phocyte-activation gene 3 (LAG3); (2) Galectin-3 (GAL3),
the ligand for LAG3, 1s robustly expressed on CD138+MM
cells, (3) checkpoint inhibitor anti-LAG3 treatment
enhances T cell responses 1n the tumor microenvironment;
(4) blocking of LAG3 or its ligand GAL3 effectively triggers
T cell proliferation 1n MM patients BMMC/PBMC and
anti-MM activities (CD107a degranulation, Thl-type cyto-
kine production) of X-Box Binding Protein 1 (XBP1), CD2
Subset 1 (CS1), and/or CD138-specific memory CTL; (35)
combination treatments with antibodies to Programmed cell
death protein 1 (PD1), LAG3, tumor necrosis factor receptor
superfamily, member 4 (0X40) and Glucocorticoid-Induced
Tumor Necrosis Factor Receptor-Related (GITR) enhanced
more robust immune responses, with less suppressors in
MM patients” BMMCs and (6) blocking L. AG3 or 1ts ligand
GAL3 augments anti-tumor activity of XBP1/CD138/CS1-
specific memory CD8+ CTLs 1n multiple myeloma.

[0041] Thus, this disclosure features inhibitory agents to
human LAG3 and human GAL3, which can be used to
induce anti-tumor activity (e.g., trigger T cell proliferation),
as well as immunogenic XBP1-, CD138-, and/or CS-1-
derived peptides, which can be used to induce an immune
response (e.g., stimulate a cytotoxic T cell response) 1n a
subject (e.g., human). The LAG3/GAL3 inhibitory agents
alone or in combination with (a) antibodies to PD1, LAG?3,
0X40 and GITR and/or (b) the XBP1/CD138/CS1 peptides
(e.g., a multipeptide vaccine) and/or (¢) e€x vivo immune
cells activated with XBP1/CD138/CS1 peptides of this
disclosure, and/or (d) nanoparticles comprising a mixture of
immunogenic peptides from one or more (1, 2, 3) of XBP1,
CS1, and CD138 that can induce antigen-specific T lym-
phocytes with anti-cancer activity, can be used in a variety
of applications such as methods for treating a cancer such as
a blood cancer (e.g., multiple myeloma (MM), Walden-
strom’s macroglobulinemia (WM), leukemia (e.g., acute
myelogenous leukemia (AML), or Non-Hodgkin lym-
phoma) or a pre-cancerous state such as a pre-cancerous
blood condition (e.g., smoldering multiple myeloma (SMM)
or monoclonal gammopathy of undermined significance
(MGUS)), methods for inhibiting progression from SMM or
MGUS to MM, or methods for increasing T lymphocyte
responses 1n a tumor microenvironment while reducing
immunosuppression. The disclosure also features pharma-
ceutical compositions of the LAG3/GAL3 ihibitory agents
and the immunogemic XBP1/CD138 and/or CS1 peptides
and combinations of the LAG3/GAL3 inhibitory agents with
multipeptide vaccines; and/or ex vivo activated immune
cells specific for XBP1/CD138 and/or CS1 peptides; and/or
nanoparticles comprising a mixture of 1mmunogenic pep-
tides from one or more (1, 2, 3) of XBP1, CS1, and CD138.
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[0042] A detailed description of the LAG3/GAL3 inhibi-
tory agents and the immunogemic XBP1/CD138 and/or CS1
peptides, as well as methods of using these agents and
peptides, as well as compositions and combinations thereof,
are set forth below.

Human LAG3 and LAG3 Inhibitory Agents

[0043] Human Lymphocyte Activated Gene-3 (LAG3;
(CD223) 1s a cell surface molecule expressed on activated T
cells, NK cells, B cells, and dendritic cells, and plays an
important role 1n the function of these lymphocyte subsets.

See, e.g., Maruhashi T et al., Journal for ImmunoTherapy of
Cancer 2020; 8:¢001014. Do1: 10.1136/71tc-2020-001014;

and U.S. Ser. No. 10/188,730, mcorporated by reference
herein). LAG3 1s an immune checkpoint that regulates T cell
function 1n a tumor environment. It 1s a co-inhibitory recep-
tor which suppresses T cells activation and cytokine secre-
tion. LAG-3 binds to major histocompatibility complex-II
(MHC-II) on antigen presenting cells (APCS) and also binds
to Galectin-3 (GAL3), widely expressed i different cell
types. See, e.g., Long L. et al., Genes & Cancer, (2018);
9(5-6): 176-189.

[0044] The term “LAG3”, with respect to the polypeptide
to which inhibitory agents of the disclosure bind, refers to
human LAG3, as well as fragments thereof such as the
mature fragment thereot lacking the signal peptide that are
still capable of binding 1ts ligands (e.g., GAL3).

[0045] Human LAG3 has two 1soforms, the amino acid
sequences ol which are as follows:

human LAG2 Igoform-1

(Uniprot accession no. P18627-1) :

SEQ ID NO: 1
MWEAQFLGLLEFLOPLWVAPVKPLOPGAEVPVVWAQEGAPAQLPCS
PTIPLODLSLLRRAGVTWQHQPDSGPPAAAPGHPLAPGPHPAAPS
SWGPRPRRYTVLSVGPGGLRSGRLPLOPRVOQLDERGRORGDE SLW
LRPARRADAGEYRAAVHLRDRALSCRLRLRLGOQASMTASPPGSLR
ASDWVILNCSEFSRPDRPASVHWEFRNRGOGRVPVRESPHHHLAESE
LELPOQVSPMDSGPWGCILTYRDGEFNVS IMYNLTVLGLEPPTPLTV
YAGAGSRVGLPCRLPAGVGTRSEFLTAKWTPPGGGPDLLVTGDNGD
FTLRLEDVSQAQAGTYTCHIHLQEQOQLNATVTLAIITVTPKSEFGS
PGSLGKLLCEVTPVSGOQERFVWSSLDTPSQRSESGPWLEAQEAQL
LSOQPWOQCOQLYQGERLLGAAVYFTELSSPGAQRSGRAPGALPAGHL
LLFLILGVLSLLLLVTGAFGFHLWRROWRPRREFSALEQGIHPPQA

QSKIEELEQEPEPEPEPEPEPEPEPEPEQL

human LAG3 Igoform-2

(Uniprot accessgsion no. P18627-2)

SEQ ID NO: 2
MWEAQFLGLLEFLOPLWVAPVKPLOQPGAEVPVVWAQEGAPAQLPCS
PTIPLODLSLLRRAGVTWQHQPDSGPPAAAPGHPLAPGPHPAAPS
SWGPRPRRYTVLSVGPGGLRSGRLPLOPRVOQLDERGRORGDE SLIW

LRPARRADAGEYRAAVHLRDRALSCRLRLRLGOQASMTASPPGSLR

ASDWVILNCSESRPDRPASVHWERNRGOGRVPVRESPHHHLAESE
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-continued
LFLPOVSPMDSGPWGCILTYRDGFNVS IMYNLTVLGLEPPTPLTV

YAGAGSRVGLPCRLPAGVGTRSEFLTAKWTPPGGGPDLLVITGDNGD

FTLRLEDVSQAQAGTYTCHIHLOQEQOLNATVTLAI ITGOPOVGKE

[0046] An “mhibitory agent” 1s an agent that blocks the
activity of LAG3, and/or inhibits the interaction between
L.AG3 and 1ts ligand, GAL3. In some embodiments, a LAG3
inhibitory agent 1s an “‘anti-LAG3 antibody” (e.g., an
antagonistic antibody) or an antigen binding fragment
thereof. An antagonist anti-LLAG3 antibody or antigen-bind-
ing fragment thereol antagonizes an activity of LAG3 (e.g.,
human LAG3) such as by immhibiting LAG3 binding to
GAL3; competing with GAL3 for LAG3 binding; or when
a cell or subject 1s contacted with the anti-LAG3 antibody or
fragment thereof, biological activity associated with LAG3
antagonism occurs, such as proliferation of antigen-specific
T-cells, CD107a degranulation, and/or stimulation of Thl-
type cytokine production (e.g., interferon-y (IFNvy) IL-2,
IL-12, IL.-18, IL-27. In some embodiments, a LAG3 inhibi-
tory agent 1s a polypeptide comprising soluble LAG3 (that
can bind GAL3) or a polypeptide comprising a soluble
LAG3-immunoglobulin fusion (e.g., a human Fc fusion such
as a human IgGl Fc fusion). In some embodiments, the
L.AG3 mlibitory agent 1s an extracellular domain of LAG3
that binds GAL3. GAL-3 1s a lectin with carbohydrate-
recognition domains (which may bind to glycosylated sites
of LAG3) and oligomerization domains that facilitate LAG3
cross-linking (Graydon, C G et al. Frontiers in Immunology
(2020) 11:613317). In some embodiments, the LAG?3 1mnhibi-
tory agent blocks the binding of GAL?3 to carbohydrates on
LAG3 (e.g. glycosylated sites) and/or block cross-linking of
LAG3. In some embodiments, the LAG3 inhibitory agent 1s
a small molecule 1nhibitor of LAG3 (see, e.g., Rudd et al.,
Cell Reports, (2020) Volume 30, Issue 7, Pages 2075-2082.
c4).

[0047] An “anti-LAG3 antibody” that specifically binds to
human LAG3 may be a chimeric antibody, a humanized
antibody, a bispecific antibody, or an antigen-binding (mean-
ing LAG3-binding) fragment. The antigen-binding fragment
may be an Fab, F(ab),, a scFv, a sc(Fv),, or a diabody.
Several ant1-LAG3 antibodies are known 1n the art and may
be used 1n the methods of this disclosure. These include, but
are not limited to, ant1-LAG3 antagonistic antibodies such as
Relatlimab, Encelimab, Favezelimab, Fianlimab, Ieramil-
imab, or Miptenalimab); anti-LAG3 depleting antibodies,
such as IMP731 or GSK2831781); a bispecific antibody that
binds LAG3 and Programmed cell death protein 1 (PD1), a
bispecific antibody that binds LAG3 and tumor necrosis
factor receptor superfamily, member 4 (OX40), or a bispe-
cific antibody that binds LLAG3 and Glucocorticoid-Induced
Tumor Necrosis Factor Receptor-Related (GITR). Such anti-
bodies are reviewed 1n Shan C et al; Oncology Letters (2020)
20:207; and Long L. et al., Genes & Cancer, (2018); 9(5-6):
176-189.

[0048] In some instances, a LAG3 inhibitory agent 1s a
soluble LAG3 immunoglobulin fusion protein, such as Efti-
lagimod alpha, which 1s a 160 kDa protein consisting of the
four extracellular domains of LAG-3 fused to the Fc region

of an IgG1(LAG-31g).

[0049] In some embodiments, a LAG3 mlibitory agent is
an Fc-bearing bispecific tetravalent DART® protein (Tebo-

telimab) that blocks PD-1 and L AG-3 checkpoint molecules.
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In some embodiments, a LAG3 inhibitory agent 1s a bispe-
cific, tetravalent antibody (mAb) against LAG-3 and PD-L1.

See, e.g., Kraman M. et al, Clin Cancer Res (2020) 26:(13)
3333-3344.

[0050] In some embodiments, the anti-LAG3 antibody of
the disclosed compositions and methods has the light chain
and heavy chain CDRs, the variable heavy and light chains
variable regions, and the heavy and light chains disclosed in
U.S. Pat. Nos. U.S. Pat. No. 9,505,839, U.S. Ser. No.
10/188,730, U.S. Ser. No. 10/358,495, and U.S. Patent
Application Publication No. US20200277372, the disclo-
sures of which are incorporated by reference herein 1n their
entirety. For example, the anti-L AG3 antibody can have the
following six CDR sequences, VH, VL, and H/L chains as
shown below 1n Table 1, which correspond to SEQ ID NOs:
12, 14, 15-20, of U.S. Pat. No. 9,505,839:

TABLE 1

anti-LAG3 antibody (Reatlimab)} CDR,
VH, VL, H, L sequencesg

SEQ
ID Type of

NO: seduence Seguence

3 Light chain DYYWN
CDR1

4 Light chain EINHRGSTNSNPSLKS
CDR2

5 Light chain GYSDYEYNWEDP
CDR3

6 Heavy chain RASQSISSYLA
CDR1

7 Heavy chain DASNRAT
CDRZ

8 Heavy chain QQRSNWPLT
CDR2

9 Heavy chain QVQLOOWGAGLLKPSETLSLTCAVYGGSEFSDYYW

variable NWIRQPPGKGLEWIGEINHRGSTNSNPSLKSRVT
region LSLDTSKNQFSLKLRSVTAADTAVYYCAFGYSDY
(VH) EYNWEFDPWGOGTLVTVSS

10 Light chain EIVLTQSPATLSLSPGERATLSCRASQSISSYLA

variable WYQOKPGOAPRLLIYDASNRATGIPARESGSGSG
region FITDTLTISSLEPEDFAVYYCQORSNWPLTEGOQGT
(VH) NLEIK

11 Heavy chain QVQLOOWGAGLLKPSETLSLTCAVYGGSFSDYY
WNWIRQPPGKGLEWIGEINHRGSTNSNPSLKSR
VILSLDTSKNQFSLKLRSVTAADTAVYYCAFGY
SDYEYNWEFDPWGOGTLVIVSSASTKGPSVEPLA
PCSRSTSESTAALGCLVKDYFPEPVITVSWNSGA
LTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVEFLFPPKPKDTLMISRTPEVTCVVY
DVSQEDPEVOQEFNWYVDGVEVHNAKTKPREEQEN
STYRVVSVLTVLHODWLNGKEYKCKVSNKGLPS
SIEKTISKAKGOPREPOQVYTLPPSQEEMTEKNQV
SLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPP
VLDSDGSFELYSRLTVDKSRWOEGNVESCSVMH
EALHNHYTQKSLSLSLGK

complete
sequence
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+1

TABLE 1-continued

anti-LAG3 antibody (Reatlimab) CDR,
VH, VL, H, L sedquences

SEQ
ID Type of

NO: sequence Sequence

12 Light chain EIVLTQSPATLSLSPGERATLSCRASQSISSYL
complete AWYQOKPGOAPRLLIYDASNRATGIPARESGSG
sequence SGIDEFTLTISSLEPEDFAVYYCQORSNWPLTEG

QGTNLEIKRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNEFYPREAKVOWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSENRGEC

[0051] In some embodiments, any LAG3 antibody that
inhibits LAG-3 binding to GAL3 can be used in the com-
positions and methods of the disclosure. In some instances,
art recognized anti-LAG-3 antibodies can be used in the
compositions and methods of the disclosure. For example,
the anti-human LAG-3 antibody described in US2011/
0150892 Al, and referred to as monoclonal antibody 25F7
can be used. Other art recognized anti-LAG-3 antibodies
that can be used include IMP731 (H5L7BW) described in
US 2011/007023, MK-4280 (28G-10) described 1in
W02016028672, alLAG3(0414) and alLAG3(0416)
described 1n WO20181835046, anti-PD1I/LAG3 0927
described 1n WQO2018185043, REGN3767 described 1n
Journal for ImmunoTherapy of Cancer, (2016) Vol. 4, Supp.
Supplement 1 Abstract Number: P195, BAP050 described 1n
W02017/019894, IMP-701 (LAG-525), alLAG3(0414),
alLAG3(0416), Sym022, TSR-033, TSR-075, XmAb22841,
MGDO013, BI754111, FS118, P 13B02-30, AVA-017 and
GSK2831781. These and other anti-LAG-3 antibodies use-

tul in the claimed invention can be found 1n, for example:

W02016/028672, WO2017/106129, WQO2017/062888,
wW02009/044273, WO2018/069500, WO2016/126838,
W02014/179664, WQO2016/200782, W0O2015/200119,
WO02017/019846, WO2017/198741, WQO2017/220555,
W02017/220569, WO2018/071500, WO2017/015560,
W02017/025498, WO2017/087589, WQO2017/087901,
WO02018/083087, WO2017/149143, WQO2017/219995,
US2017/0260271, WO2017/086367, WO2017/086419,

W02018/034227, WO2018185046, W0O2018185043, and
W02014/140180. The contents of each of these references
are incorporated by reference herein in their entirety. In
some embodiments, the anti-LAG3 antibody binds to spe-
cific epitopes within a LAG3 protein as described 1n any of
the above references.

[0052] In some embodiments, the monotherapy or com-
bination therapies herein comprise administering an anti-
body molecule related to Relathmab (e.g., mm place of
Relatlimab 1n any of the methods herein). In some embodi-
ments, the antibody molecule comprises a heavy chain
sequence having at least 70%, 80%, 85%, 90%, 95%, 96%,
7%, 98%, or 99% i1dentity to SEQ ID NO: 11. In some
embodiments, the antibody molecule comprises a light chain
sequence having at least 70%, 80%, 85%, 90%, 95%, 96%,
7%, 98%, or 99% 1dentity to SEQ ID NO: 12. In embodi-
ments, the antibody molecule comprises a VH region having,
at least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% 1dentity to SEQ 1D NO: 9, or having the VH region of
SEQ ID NO: 9. In embodiments, the antibody molecule
comprises a VL region having at least 70%, 80%, 85%, 90%,
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95%, 96%, 97%, 98%, or 99% identity to the VL region of
SEQ ID NO: 10, or having the VL region from SEQ ID NO:
10. In embodiments, the antibody molecule comprises the
HC CDR1, HC CDR2, and HC CDR3 of SEQ ID NOs: 3-5
and a LC CDR1, LC CDR2, and LC CDR3 of SEQ ID NOs:
6-8. In some 1nstances, the antibody molecule comprises the
HC CDR1, HC CDR2, and HC CDR3 of SEQ ID NO:9 and
the LC CDR1, LC CDR2, and LC CDR3 of SEQ ID NO: 10.
In some cases, the CDRs are defined according to Kabat,
Chothia, enhanced Chothia, contact, IMGT, AbM, or the
Abysis definitions.

[0053] The term “complementarity determining region” or
“CDR,” as used herein, refers to the sequences of amino
acids within antibody variable regions which confer antigen
specificity and binding aflinity. For example, in general,
there are three CDRs 1n each heavy chain variable region
(e.g., HCDR1, HCDR2, and HCDR3) and three CDRs 1n
cach light chain variable region (LCDRI1, LCDR2, and
LCDR3). The precise amino acid sequence boundaries of a
given CDR can be determined using any of a number of
well-known schemes, including those described by Kabat et
al. (1991), “Sequences of Proteins of Immunological Inter-
est,”” 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (“Kabat” numbering scheme), Al
Lazikani et al.,(1997) JMB 273,927-948 (“Chothia” num-

bering scheme), or a combination thereof.

Human GAL3 and GAL3 Inhibitory Agents

[0054] Human Galectin3 (Gal3) 1s a lectin, or a carbohy-
drate-binding protein, with specificity towards beta-galac-
tosides. In human cells, Gal3 1s expressed and can be found
in the nucleus, cytoplasm, cell surface, and in the extracel-
lular space. It 1s expressed 1n multiple myeloma CD138+
cells and Galectin-3 1s associated with tumor cell adhesion,
proliferation, differentiation, angiogenesis, and metastasis
(Storti, Paola et al. International J. Mol Sci 18(12):2740
(2017); Chauhan, D. et al, Cancer Res Sept 2005 (65) (18)
8350-8358).

[0055] The term “GAL3”, with respect to the polypeptide
to which inhibitory agents of the disclosure bind, refers to
human GAL3. In some embodiments, the anti-GAL3 anti-
body binds to specific epitopes within a GAL3 protein as
described 1n  U.S. Patent Application Publ. No.
US20200223921 or International Patent Appl Publ. No.
W020201601356, incorporated by reference 1n 1ts entirety.

[0056] The amino acid sequences of human GAL3 1s as
follows:

human GAL3 Isoform-1
(Uniprot accessgsion no. P17931-1)

SEQ ID NO: 13
MADNEFSLHDALSGSGNPNPOQGWPGAWGNQPAGAGGY PGASYPGAY
PGOAPPGAYPGOQAPPGAYPGAPGAYPGAPAPGVYPGPPSGPGAYP
SSGOPSATGAYPATGPYGAPAGPLIVPYNLPLPGGVVPRMLITIL
GTVKPNANRIALDFORGNDVAFHEFNPRFNENNRRVIVCNTKLDNN

WGREERQSVFPFESGKPFKIQVLVEPDHFKVAVNDAHLLOYNHR

VKKLNEISKLGISGDIDLTSASYTMI

[0057] A “GAL?3 inhibitory agent” 1s an agent that blocks
the activity of GAL3, and/or inhibits the interaction between
LLAG3 and GAL3. In some embodiments, a GAL3 inhibitory
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agent 1s an “anti-GAL3 antibody” or an antigen binding
fragment thereof. In some embodiments, the anti-GAL3
antibody of the disclosed compositions and methods has the
light chain and heavy chain CDRs, the variable heavy and
light chains variable regions, and the heavy and light chains
disclosed 1 U.S. Patent Application Publ. No.
US20200223921, and International Patent Publ. No.
W02020160156 the disclosures of which are incorporated
by reference hereimn in their entirety. For example, the
ant1-GAL3 antibody has following six CDR sequences, VH,
VL, and H/L chains as shown below in Table 2, which
correspond to SEQ ID NOs: 9-11, 16-19, and 24-26 of US
Patent Application Publ. No. US20200223921:

TABLE 2

anti-GAL3 CDR, VH, VL, H, L sequences

SEQ
ID Type of
NO: sequence sSequence

14 Light chain RSSKSLLYKDGKTYLN
CDR1

15 Light chain LMSTHAS
CDR2

16 Light chain QQLVDYPLT
CDR3

17 Heavy chain GYTFTNY
CDR1

18 Heavy chain NTNTGE
CDR2

19 Heavy chain YDNFFAY
CDR3

20 Heavy chain QVQLVQSGSELKKPGASVKVSCKASGYTEFTN

variable YGMNWVROQAPGOGLKWMGWINTNTGEPTYAQ
region EFTGREFVFSLDTSVSTAYLQISSLKAEDTAV
(VH) YFCAPYDNEFFAYWGOGTTVTVS

21 Light chain DIVLTQSPLSLPVTPGEPASISCRSSKSLLY

variable KDGKTYLNWFLOKPGOSPOLLIYLMSTHASG
region VPDRESGSGSGTDFTLKISRVEAEDVGVYYC
(VH) QOLVDYPLTFGGGTKLEIK

22 Heavy chain QVQLVQOSGSELKKPGASVKVSCKASGYTFTNY
GMNWVROQAPGOGLKWMGWINTNTGEPTYAQRE
TGREVFSLDTSVSTAYLOQISSLKAEDTAVYFEC
APYDNFEFAYWGOGTTVIVSSASTKGPSVEPLA
PCSRSTSESTAALGCLVKDYEFPEPVITVSWNSG
ALTSGVHTEFPAVLOSSGLYSLSSVVIVPSSSL
GTKTYTCNVDHKPSNTKVDKRVESKYGPPCPP
CPAPEFLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVQEFNWYVDGVEVHNAKTKPR
EEQFNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKGLPSSIEKTISKAKGOPREPQVYTLPPSQE
EMTKNOQVSLTCLVKGFYPSDIAVEWESNGOPE
NNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEG
NVEFSCSVMHEALHNHY TOKSLSLSLG

complete
sequence

23 Light chain DIVLTQSPLSLPVTPGEPASISCRSSKSLLYKD
GKTYLNWFLOKPGOSPOQLLIYLMSTHASGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQQLVDY
PLTFGGGTKLEIKRTVAAPSVEFIFPPSDEQLKS
GTASVVCLLNNEYPREAKVOWKVDNALQSGNSQ

complete
sequence
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TABLE 2-continued

anti-GAL3 CDR, VH, VL, H, L seguences

SEQ

1D Type of

NO: seduence Sedquence
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYA
CEVTHQGLSSPVTKSFNRGEC

[0058] An “anti-GAL?3 antibody” that specifically binds to

human GAL3 may be a chimeric antibody, a humanized
antibody, a bispecific antibody, or an antigen-binding (1.e., a
GAL-3 binding) fragment. The antigen-binding fragment
may be an Fab, F(ab),, a scFv, a sc(Fv),, or a diabody. In
some embodiments, the GAL3 antibody 1s an antagonistic
antibody. An antagonistic anti-GAL3 antibody or antigen-
binding fragment thereol antagonizes an activity of GAL3
(e.g., human GAL3) such as by inhibiting GAL?3 binding to
LAG3; competing with GAL3 for LAG3 binding; or when
a cell or subject 1s contacted with the anti-GAL3 antibody or
fragment thereotf, biological activity associated with GAL3
antagonism occurs, such as proliferation of antigen-specific
T-cells, CD107a degranulation, and/or stimulation of Thl-
type cytokine production (e.g., interferon-y (IFNy) IL-2,
IL.-12, IL-18, IL-27, etc). In some embodiments, the GAL3
inhibitory agent 1s a polypeptide comprising soluble GAL3
or a polypeptide comprising soluble GAL3-immunoglobulin
fusion. In some embodiments, the GAL3 mhibitory agent

blocks the binding of GAL3 to carbohydrates on LAG3 (e.g.
glycosylated sites).

[0059] Insome embodiments, the antibody molecule com-
prises a heavy chain sequence having at least 70%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% 1dentity to SEQ
ID NO: 22. In some embodiments, the antibody molecule
comprises a light chain sequence having at least 70%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% 1dentity to SEQ
ID NO: 23. In embodiments, the antibody molecule com-
prises a VH region having at least 70%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% identity to SEQ 1D NO: 20,
or having the VH region from SEQ ID NO: 20. In embodi-
ments, the antibody molecule comprises a VL region having
at least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% 1dentity to the VL region of SEQ ID NO: 21, or having,
the VL region of SEQ ID NO: 21. In embodiments, the
antibody molecule comprises the HC CDR1, HC CDR2, and
HC CDR3 of SEQ ID NOs: 14-16 and a LC CDRI, LC
CDR2, and LC CDR3 of SEQ ID NOs: 17-19. In some
instances, the antibody molecule comprises the HC CDRI,
HC CDR2, and HC CDR3 of SEQ ID NO: 20 and the LC
CDRI1, LC CDR2, and LC CDR3 of SEQ ID NO:21. In

some cases, the CDRs are defined according to Kabat,
Chothia, enhanced Chothia, AbM, contact, IMGT, or Abysis

definitions.

[0060] In some embodiments, the GAL3 inhibitory agent
1s a GAL3 inhibitor selected from any of the compounds
disclosed 1n US Patent Nos. U.S. Ser. No. 10/774,102, U.S.
Ser. No. 10/526,360, or U.S. Ser. No. 10/464,964: Interna-
tional Patent Application Publication Nos. W(02021004940,
W02021001538, W02021001528, W0O2020078808,
W02016004093, or W0O2004091634; or US Patent Appli-
cation Publication Nos. US20160122407, or
US20160346317. In some embodiments, the GAL3 1nhibi-
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tory agent 1s GCS-100, a citrus-derived polysaccharide [0061] In some embodiments, the GAL3 inhibitor 1s one
inhibitor of GAL3. See e.g., Chauhan, D. et al, Cancer Res of the agents disclosed 1n Table 3, as disclosed in Chan, Y.

Sept 2005 65:18; 8350-3358. C. etal, Int. J Mol. Sci. (2018), 19, 392.
TABLE 3

(7alectin-3 imhibitory agents

Galectin-3 inhibitors Structure
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TABLE 3-continued

(yalectin-3 immhibitory agents

(Galectin-3 inhibitors Structure

GB0139 (TD139) F

HO OH
e O
N /N
=3
N HO

HLA-A2 and HLA-A24 Immunogenic Peptides

[0062] The disclosure features 1solated immunogenic pep-
tides comprising an amino acid sequence that 1s 1dentical to

any one ol SEQ ID NOs: 24-31, as depicted in Table 4
below, or diflers from the sequences set forth below at 1, 2,

3, or 4 positions but still binds HLA-A2 or HLA-A24.

TABLE 4

HLA-224+ and HLA-2A244 peptides

SEQ

1D HLA -

NO: Peptide Sequence restriction

24 non-spliced YISPWILAV HLA-A2+
XBP1

25 spliced XBP1 YLEPQLISY HLA-AZ+

206 CD138 GLVGLIFAV HLA-AZ+

277 CS-1 SLEVLGLFEL HLA-AZ+

28 non-spliced ISPWILAVL HLA-A24+
XBP1

29 spliced XBP1 VYPEGPSSL HLA-AZ4+

30 CD138 IFAVCLVGE HLA-AZ4+

31 CS-1 LEVLGLELW HLA-AZ4+

[0063] Other examples of immunogenic XBP1/CD138

and/or CS1 peptides that can be used 1n the compositions
and methods of the disclosure include, but are not limited to
the peptides provided i U.S. Pat. No. 9,950,047, the con-
tents of which are incorporated by reference in their entirety
herein.

[0064] Preferably, the 1solated immunogenic peptide 1s at
least 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 23, 30, 35,
40, 435, or 50 amino acids 1n length (e.g., between 9 and 50
amino acids in length, e.g., 9-50, 9-45, 9-40, 9-45, 9-30,
9-25, 9-20, 9-15 amino acids in length) and comprises an
amino acid sequence that 1s at least 70%, 75%, 80%, 85%.,

90%, 95%, 96%., 97%, 98%, 99% 1dentity or 1s 1dentical to
an amino acid sequence of SEQ ID NOs: 24-31. Other
preferred peptides can be at least 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, or 50 amino acids 1n
length (e.g., between 9 and 350 amino acids 1n length, e.g.,
9-50, 9-43, 9-40, 9-45, 9-30, 9-25, 9-20, 9-15 amino acids in
length) and comprise an amino acid sequence of SEQ ID
NOs: 24-31, or an amino acid sequence with one, two, three

or four substitutions of the amino acid sequence of SEQ ID
NOs: 24-31. These immunogenic peptides bind HLA-A2 or

HLA-A24.

[0065] Percent identity between two peptide sequences
(e.g., a peptide of SEQ ID NOs: 24-31 and another amino
acid sequence that may be at least 66% 1dentical to the
peptide) can be determined using a variety of algorithms and
computer programs including, but not limited to, Clustal W
(The Furopean Bioinformatics Institute (EMBL-EBI),
BLAST-Protein (National Center for Biotechnology Infor-
mation (NCBI), United States National Institutes of Health),
and PSAlign (University of Texas A&M; Sze et al. Journal

of Computational Biology (2006) 13:309-319).

[0066] Vaniants of the peptides described herein can
include forms of the peptides having: (1) not more than 4
(e.g., 3, 2, or 1) amino acid substitutions (e.g., conservative
or non-conservative substitutions); (11) terminal or internal
deletions; or (111) terminal or internal additions, all of which
are elaborated on below. These variant immunogenic pep-
tides bind HLA-A2 or HLA-A24. The peptides of the
disclosure comprise, consist of, or consist essentially of, an
amino acid sequence of any of SEQ ID NOs: 24-31 (as
depicted 1n Table 4), but with not more than four (e.g., not
more than three, not more than two, or not more than 1)
amino acid substitutions. The substitutions can be, e.g.,
conservative or non-conservative.

[0067] Conservative substitutions include substitutions
within the following groups: valine, alanine and glycine;
leucine, valine, and 1soleucine; aspartic acid and glutamic
acid; asparagine and glutamine; serine, cysteine, and threo-
nine; lysine and arginine; and phenylalanine and tyrosine.
The non-polar hydrophobic amino acids include alanine,
leucine, 1soleucine, valine, proline, phenylalanine, trypto-
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phan and methiomine. The polar neutral amino acids include
glycine, serine, threonine, cysteine, tyrosine, asparagine and
glutamine. The positively charged (basic) amino acids
include arginine, lysine, and histidine. The negatively
charged (acidic) amino acids include aspartic acid and
glutamic acid. Any substitution of one member of the
above-mentioned polar, basic or acidic groups by another
member of the same group can be deemed a conservative
substitution. By contrast, a non-conservative substitution 1s
a substitution of one amino acid for another with dissimilar
characteristics.

[0068] In some embodiments, one or more (€.g., one, two,
three, four, or all five) of positions three, four, five, six,
seven, and eight of any of the peptides are not substituted.
In some embodiments, one or more of positions three, four,
five, s1x, seven, and eight of any of the peptides are 1dentical
to the amino acids of the peptides 1n Table 4.

[0069] “Non-spliced XBP1” peptides refer to a peptide
having an amino acid sequence of at least 5 (e.g., 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
55 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 40, 45, or 50)
consecutive amino acids from the non-spliced form of
human XBP1 protemn having 261 amino acids and the
following sequence:

[0070] MVVVAAAPN-
PADGTPKVLLLSGQPASAAGAPAGQALPLMVPAQR-
GASPE AASGGLPQARKRQRLTHLSPEEKA-
LRRKLKNRVAAQTARDRKKARMSELEQQV
VDLEEENQKLLLENQLL-
REKTHGLVVENQELRQRLGMDAILVAEEEAEAKG-
NEV RPVAGSAESAALRLRAPLQQVQAQLSPLQNISP-
WILAVLTLQIQSLISCWAFWTTW
TQSCSSNALPQSLPAWRSSQRSTQKDPVPYQPP-
FLCQWGRHQPSWKPLMN (SEQ ID NO: 38; Genbank
Accession No. NP 005071), and peptides having no more
than one, two, three, four, five substitutions (e.g., conserva-
tive substitutions) of the amino acids derived from the amino
acid sequence of SEQ ID NO: 38. The amino acid positions

referred to 1n Table 4 are based on SEQ ID NO: 38.

[0071] “Spliced XBP1” peptides refer to a peptide having
an amino acid sequence of at least 5 (e.g., 5, 6, 7, 8, 9, 10,
11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
277, 28, 29, 31, 32, 33, 34, 35, 40, 45, or 50) consecutive
amino acids from the spliced form of human XBP1 (XBP1
spliced) protein having 376 amino acids and the following
sequence:

[0072] MVVVAAAPN-
PADGTPKVLLLSGQPASAAGAPAGQALPLMVPAQR-
GASPE AASGGLPQARKRQRLTHLSPEEKA-
LRRKLKNRVAAQTARDRKKARMSELEQQV
VDLEEENQKLLLENQLL-
REKTHGLVVENQELRQRLGMDALVAEEEAEAKG-
NEV RPVAGSAESAAGAGPVVTPPEHLPMDSG-
GIDSSDSESDILLGILDNLDPVMFFKCP
SPEPASLEELPEVYPEGPSSLPASLSLSVGTSSAK-
LEAINELIRFDHIYTKPLVLEIPS ETESQANVVVKIE.
APLSPSENDHPEFIVSVKEEPVEDDLVPELGIS-
NLLSSSHCPK

PSSCLLDAYSDCGYGGSL-
SPFSDMSSLLGVNHSWEDTFANELFPQLISV (SEQ 1D
NO: 33; Genbank Accession No. NP 001073007), and
peptides having no more than one, two, three, four, five
substitutions (e.g., conservative substitutions) of the amino

T
!
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acids dertved from the amino acid sequence of SEQ ID
NO:33. The amino acid positions referred to 1n Table 4 are

based on SEQ ID NO: 33.

[0073] “CD138” peptides refer to a peptide having an
amino acid sequence of at least 5 (e.g., 5, 6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 40, 45, or 50) consecutive
amino acids from the human CD138 protein having 310
amino acids and the following sequence: MRRAALWLWL-
CALALSLQPALPQI-
VATNLPPEDQDGSGDDSDNFSGSGAGALQD
ITLSQQTPSTWKDTQLLTAIPTSPEPTGLEATAAST-
STLPAGEGPKEGEAVVLPEVE PGLTAREQEATPR-
PRETTQLPTTHQASTTTATTAQEPAT-
SHPHRDMQPGHHETSTP
AGPSQADLHTPHTEDGGPSATERAAEDGASSQL-
PAAEGSGEQDFTFETSGENTAV VAVE-
PDRRNQSPVDQGATGASQGLLDRKEVLGGVIAG-
GLVGLIFAVCLVGFMLYR MKKKDEGSYSLEEPKQAN
GGAYQKPTKQ CEFYA (SEQ ID NO: 34; Genbank Acces-
sion No. NP 002988) and peptides having no more than one,
two, three, four, five substitutions (e.g., conservative sub-
stitutions) of the amino acids derived from the amino acid
sequence of SEQ ID NO: 34. The amino acid positions
referred to in Table 4 are based on SEQ ID NO: 34,

[0074] “CS-17 peptides refer to a peptide having an amino
acid sequence of at least 5 (e.g., 5,6,7,8,9,10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31,32, 33, 34, 35, 40, 45, or 50) consecutive amino acids
from the human CS-1 protein having 335 amino acids and
the following sequence: MAGSPT-
CLTLIYILWQLTGSAASGPVKELVGSVGGAVTFPLK-
SKVKQVDSIVWTF NTTPLVTIQPEGGTIIVTQNRNR-
ERVDFPDGGYSLKLSKLKKNDSGIYYVGIYSSSL
QQPSTQEYVLHVYEHL-
SKPKVTMGLQSNKNGTCVTNLTCCMEHGEED-
VIYTWK ALGQAANESHNGSILPISWRWGESDMTFIC-
VARNPVSRNFSSPILARKLCEGAAD
DPDSSMVLLCLLLVPLLLSLFVLGLFLWFLKRER-
QEEYIEEKKRVDICRETPNICPH SGENTEYDTIPH-
TNRTILKEDPANTVYSTVEIPKKMENPHSLLTMPDT-
PRLFAYEN VI (SEQ ID NO: 33; Genbank Accession No.
NP_067004) and peptides having no more than one, two,
three, four, five substitutions (e.g., conservative substitu-
tions) ol the amino acids derived from the amino acid
sequence ol SEQ ID NO: 35. The amino acid positions
referred to 1n Table 4 are based on SEQ 1D NO: 35.

[0075] The peptides described herein can bind to a major
histocompatibility complex (MHC) molecule (e.g., an MHC
class I molecule or an MHC class II molecule). The “Major
Histocompatibility Complex” or “MHC” 1s a cluster of
genes that plays a role 1n control of the cellular interactions
responsible for physiologic immune responses. In humans,
the MHC 1s known as the human leukocyte antigen (HLA)
complex (see, e.g., Paul et al., FUNDAMENTAL IMMU-
NOLOGY, 3rd Edition, Raven Press, New York, (1993) and
Stites, et al.,, IMMUNOLOGY, 8th Edition, Lange Publish-
ing, Los Altos, Calif. (1994)). HLA molecules are described

in detail 1n U.S. Pat. No. 7,026,443, the entire disclosure of
which 1s incorporated by reference 1n 1ts entirety.

[0076] In some embodiments, the peptides of this disclo-
sure, €.2., XBP1 peptides, CD138 peptides and CS-1 pep-
tides, have aflinity for MHC molecules, e.g., HLA-A mol-
ecules such as HLLA-A2 and HLLA-A24 as indicated 1n Table
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1, elevated stability within the peptide binding cleft of the
MHC molecules, e.g., HLA-A2 and HLA-A24, and the
ability, when expressed on the surface of cell (e.g., a cancer
cell) 1n the context of an MHC molecule, e.g., HLA-A2 or
HILA-A24, to induce the activation and proliferation of T

cells including, e.g., eflector memory T cells and/or central
memory T cells).

[0077] In some embodiments, the peptides can be modi-
fied (e.g., amino acids of the peptides can be substituted) 1n
order to modulate (e.g., increase or decrease) one of more
properties of the peptides. For example, one or more (e.g.,
two, three, or four) amino acids of one of the HLA-A2 or the
HILLA-A24 restricted peptides depicted in Table 1 can be
substituted 1n order to increase the athnity of the peptide for
an MHC molecule. In some embodiments, an amino acid of
one of the peptides described herein (e.g., a T cell Receptor
contacting amino acid residue of the peptide) can be modi-
fied 1n order to enhance a binding interaction between a T
cell receptor and the peptide (in the context of an MHC
molecule). Such modified peptides are often referred to as
“altered peptide ligands.” (See, e.g., Kalergis et al. J Immu-
nol. (2000) 165(1):280; Conlon et al. Science (2002) 1801;
and International Publication No. W0O02070003, the disclo-
sure ol each of which 1s incorporated by reference i their
entirety). In some embodiments, the first, second, and/or
ninth amino acids of the peptides 1n Table 1 can be modified
such that they retain or enhance the binding or stability to
HILLA-A2 or HLA-A24. In some embodiments, the third,
fourth, fifth, sixth, seventh, or eighth amino acids can be
modified for recognition by T-cell receptors. Suitable meth-
ods for modilying the peptides as well as determining the
ellect of the modification are described in U.S. Pat. No.
9,950,047 and are described 1n, e.g., Collins et al. Immuno-
logical Reviews (1998) 163:151-160, and Bae J. et al.
Clinical Cancer Res. (2004): 10: 7043-7052, the disclosures

of which are incorporated by reference in their entirety.

[0078] Insome embodiments, only one of the HLA-A2- or
HILLA-A24- restricted peptides disclosed above (e.g., a non-
spliced XBP1 peptide, a spliced XBP1 peptide, a CD138
peptide, or a CS-1 peptide) are present 1n the compositions
of this disclosure or used in the methods of this disclosure.
In other embodiments, at least two of the HLA-A2- or
HILLA-A24-restricted peptides disclosed above are present 1n
the compositions or used in the methods of this disclosure.
In yet other embodiments, at least three of the HLA-A2- or
HILA-A24-restricted peptides disclosed above are present 1n
the compositions or used in the methods of this disclosure.
In some embodiments, either all four of the HLLA-A2- or all
four of the HLA-A24-restricted peptides disclosed above are
present 1n the compositions or used in the methods of this
disclosure.

[0079] The present disclosure provides for various types
of therapeutic applications including multipeptide vaccina-
tion using the XBP1/CD138 and/or CS1 peptides described
above, 1n a human subject with blood cancer (e.g., MM) or
a pre-cancerous condition (e.g., MGUS or SMM). In some
instances, the multipeptide vaccine induces antigen-specific
T Ilymphocytes which can kill cancer cells expressing one or
more of XBP1, CS1, and CD138. In some instances, the
multipeptide vaccine induces antigen-specific T lympho-
cytes which can kill cancerous or pre-cancerous cells (e.g.,
SMM, MGUS or MM cancer cells). In some cases, the T

lymphocytes are CD8+ CTLs. The disclosure also provides
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for combinations of multipeptide vaccines with additional
approaches, such as adoptive T cell therapy as described
below.

[0080] As used herein, the term “heteroclitic” (e.g., a
heteroclitic peptide) refers to a form of a peptide 1n which
one or more amino acid residues have been modified from
a wild-type or original sequence in order to produce a
peptide that 1s more immunogenic than the corresponding
peptide with wildtype sequence or original sequence.

Multipeptide Vaccine

[0081] In some embodiments, the methods of this disclo-
sure include administering to a subject with a blood cancer
(e.g., MM), or a pre-cancerous condition (e.g., MGUS or
SMM), LAG3 or GAL3 inhibitory agents with a multipep-
tide vaccine comprising a mixture of immunogenic peptides
from one or more (1, 2, 3) of XBP1, CS1, and CD138 (SEQ
ID NOs.: 24-27 or 28-31) that can induce antigen-specific T
lymphocytes with “anti-cancer activity”, 1.e., with the ability
to 1nduce precancerous or cancerous cell death. An antigen-
specific T lymphocyte (1.e., an XBP1, CS1, and/or CD138-
specific T lymphocyte) in the context of this disclosure can
climinate precancerous or cancerous cells that express one
or more of XBP1, CS1, and CD138 on the cell surface. The
cell death can occur via apoptotic or non-apoptotic path-
ways. Anti-cancer activity can be elicited by granule exo-
cytosis 1.e., perforin (PRF1) and granule-associated enzymes
(granzymes; GZM)], or via the death ligand/death receptor
system. See, e.g., Martinez-Lostao L et al., Clin Cancer Res:;
(20135) 21(22); 504°7-36. The antigen-specific T lymphocytes
(1.e., XBP1, CS1, and/or CDI138-specific T cells) with
anti-cancer activity mclude both CDS8 T cells (cytotoxic T
lymphocytes (CTLs)) and CD4 T cells.

[0082] A multipeptide vaccine of this disclosure can be
used to boost endogenous immune response in the patients
and can be prepared by any methods known 1n the art. It may
be administered directly into the patient, intradermally,
intramuscularly, subcutaneously, intraperitoneally. and
intravenously, or applied ex vivo to cells dernived from the
patient, an HLA-matched donor, or a human cell line, which
cells are subsequently administered to the patient, or used 1n
vitro to select a subpopulation of immune cells derived from
the patient, which are then re-administered to the patient.
[0083] The peptides of the multipeptide vaccine may be
substantially pure, or combined with an immune-stimulating
adjuvant (e.g., icomplete Freund’s adjuvant (IFA),
Polyinosinic-polycytidylic acid, or poly-L-lysine (poly-
ICLC) or used in combination with immune-stimulatory
cytokines, and/or be administered with a suitable delivery
system, for example liposomes. The peptides of the multi-
peptide vaccine may each be conjugated to a suitable carrier

such as a kevhole limpet haemocyanin (KLLH) or mannan
(see WO 95/18145). The peptides of the present disclosure

(SEQ ID NOs: 24-31) are expected to stimulate CD4 or CDS8
T cells. In one aspect, the vaccine of the disclosure com-
prises at least one peptide having the amino acid sequence
set forth in SEQ ID NOs: 24-31. In some aspects, the
vaccine of the disclosure comprises at least two HLA-A2+
peptides having the amino acid sequences set forth in SEQ
ID NOs.: 24-27. In some aspects, the vaccine of the disclo-
sure comprises at least two HLA-A24+ peptides having the
amino acid sequences set forth i SEQ ID NOs: 28-31. In
some aspects, the vaccine of the disclosure comprises at
least three HLA-A2+ peptides having the amino acid
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sequences set forth in SEQ ID NOs: 24-27. In some aspects,
the vaccine of the disclosure comprises at least three HL A-
A24+ peptides having the amino acid sequences set forth in
SEQ ID NOs: 28-31. In some aspects, the vaccine of the
disclosure comprises the four HLA-A2+ peptides having the
amino acid sequences set forth 1n SEQ ID NOs: 24-27. In
some aspects, the vaccine of the disclosure comprises the

four HLA-A24+ peptides having the amino acid sequences
set forth 1n SEQ ID NOs: 28-31.

Nanoparticle-Based Immunotherapy

[0084] The present disclosure also provides for nanopar-
ticle-based immunotherapy wherein the one or more pep-
tides of this disclosure can be combined with nanoparticles
(e.g., polymeric nanocarriers or liposomal nanoparticles).
For instance, the one or more peptides (e.g., XBP1, CD138,
and/or CS1 peptides) 1s encapsulated in the nanoparticle. In
some embodiments, the nanoparticle 1s a liposome. In some
embodiments, the nanoparticle comprises a biodegradable
polymer. In some embodiments, the nanoparticle comprises
poly(D,L-lactide-co-glycolide) (PLGA). In some embodi-
ments, the nanoparticle comprises poly(lactic-co-glycolic
acid)-poly(ethylene glycol) (PLGA-PEG) copolymer. The
nanoparticles or nanocarriers can be administered to a
subject (e.g., human) 1n need thereol to induce immune
response.

[0085] The peptides can be attached to the nanoparticles or
nanocarriers via various attachment mechanisms. This
attachment mechanism can be an electrostatic attraction,
covalent coupling, or a hydrophobic interaction. In some
embodiments, the nanoparticles can be loaded with adju-
vants. The adjuvants can be a dendritic cell targeting mol-
ecule, for example, a Toll-like receptor agonist, e.g., R-848,
which 1s recognized as a potent synthetic agonist of TLR7/
TLR8, or an unmethylated CpG oligodeoxynucleotide,
which 1s immunostimulatory agonist of TLR-9, or mono-
phosphoryl lipid A, which 1s immunostimulatory agonist of
TLR-4, or an endosomal membrane targeting agent, e.g., the
Endo-Porter peptide.

[0086] The polymer that forms the nanoparticles can be
any biodegradable or non-biodegradable synthetic or natural
polymer. Preferably, the polymer 1s a biodegradable poly-
mer. Examples of useful biodegradable polymers include
polylactic acid (PLA), poly(glycolic acid) (PGA), or poly
(lactic-co-glycolic acid) (PLGA). These polymers have an
established safety record and can be used 1n human subjects
(lhang, et al., Adv. Drug Deliv. Rev., 57(3): 391-410, 2003,
Aguado and Lambert, Immunobiology, 184(2-3): 113-25,
1992; Bramwell, et al., Adv. Drug Deliv. Rev., 57(9). 12477 -
65, 2005). Other amphiphilic poly(amino acid) nanopar-
ticles, amphiphilic polysaccharide nanoparticles, or polyion
nanoparticles can be used 1n the vaccine composition dis-
closed herein (see, Akagi et al., Adv Polym Sci. 2477: 31-64,
2012). The foregoing polymers can be used alone, as physi-
cal mixtures, or by forming copolymers. In certain embodi-
ments, the nanoparticles are formed by a mixture of poly
(lactic-co-glycolic acid)-block-poly(L-histidine)-block-poly
(ethylene glycol) (PLGA-PLH-PEG)triblock copolymer;
PLGA-PEG diblock copolymer, and PLA. These copoly-
mers can be synthesized using standard techniques. For
example, the copolymer PLGA-PLH-PEG can be synthe-
s1ized using a block end-grafting strategy.

[0087] As used herein, a “nanoparticle™ 1s a particle 1n the
range of between 500 nm to 0.5 nm, e.g., having a diameter
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that 1s between 50 and 500 nm, having a diameter that 1s
between 100 and 400 nm, or having a diameter that 1s
between 200 and 400 nm. Nanoparticles and how to make
and use nanoparticles are known in the art, and are
described, e.g., in US 2016/0008451, US 2010/0129439,
US2018/0021258, each of which 1s icorporated herein by
reference 1n 1ts entirety. Bae et al. describe using peptide
engineered nanoparticles to enhance induction and function
ol antigen-specific T cells against multiple myeloma. See
Bae I et al., Leukemia (2020): January 34(1): 210-223,
which 1s incorporated herein by reference 1n 1ts entirety. In
some embodiments, the nanoparticle 1s a liposome. In some
embodiments, the nanoparticle 1s a polymeric particle.

[0088] The polymer that forms the nanoparticles can be
any biodegradable or non-biodegradable synthetic or natural
polymer. In some embodiments, the polymer 1s a biodegrad-
able polymer. Examples of useful biodegradable polymers
include polylactic acid (PLA), poly(glycolic acid) (PGA), or
poly(lactic-co-glycolic acid) (PLGA). These polymers have

an established safety record and can be used in human
subjects (lhang, et al, Adv. Drug Deliv. Rev., 57(3):391-410,

2003, Aguado and Lambert, Immunobiology, 184(2-3): 113-
25, 1992; Bramwell, et al., Adv. Drug Deliv. Rev., 57(9):
1247-65, 2005). Other amphiphilic poly(amino acid) nan-
oparticles, amphiphilic polysaccharide nanoparticles, or
polyion nanoparticles can be used 1 the composition dis-
closed herein (see, Akagi et al, Adv Polym Sci. 247:31-64,
2012).

[0089] The polymers can be used alone, as physical mix-
tures, or by forming copolymers. In some embodiments, the
nanoparticles are formed by a mixture of poly(lactic-co-
glycolic acid)-block-poly(L-histidine)-block-poly(ethylene
glycol) (PLGA-PLH-PEG)triblock copolymer; PLGA-PEG
diblock copolymer, and PLA. These copolymers can be
synthesized using standard techniques. For example, the
copolymer PLGA-PLH-PEG can be synthesized using a
block end-grafting strategy. A linear structure (e.g., PLGA-
PLH-PEG) can provide the nanoparticles several character-
istics compatible with extended circulation and charge-
mediated targeting.

[0090] In some embodiments, natural polymers can be
used. Examples of natural polymers include alginate and
other polysaccharides, collagen, albumin and other hydro-
philic proteins, zein and other prolamines and hydrophobic
proteins, copolymers and mixtures thereof. In general, these
materials degrade either by enzymatic hydrolysis or expo-
sure to water 1n vivo, by surface or bulk erosion.

[0091] Other suitable biodegradable polymers include, but
are not limited to, poly(hydroxy acids), such as polymers
and copolymers of lactic acid and glycolic acid, polyanhy-
drides, poly(ortho)esters, polyesters, polyurethanes, poly
(butic acid), poly(valeric acid), poly(caprolactone), poly
(hydroxyalkanoates), and poly(lactide-co-caprolactone).

[0092] The polymer can be a bioadhesive polymer that 1s
hydrophilic or hydrophobic. Hydrophilic polymers include
CARBOPOL™ (a high molecular weight, crosslinked,
acrylic acid-based polymers manufactured by Noveon),
polycarbophil, cellulose esters, and dextran.

[0093] These polymers can be obtained from sources such
as Sigma Chemical Co., St. Louis, Mo.; Polysciences,

Warrenton, Pa.; Aldrich, Milwaukee, Wis.; Fluka,
Ronkonkoma, N.Y.; and BioRad, Richmond, Calif, or can be
synthesized from monomers obtained from these or other
suppliers using standard techniques.
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[0094] A wide variety of polymers and methods for form-
ing polymeric matrices therefrom are known conventionally.
In general, a polymeric matrix comprises one or more
polymers. Polymers can be natural or unnatural (synthetic)
polymers. Polymers can be homopolymers or copolymers
comprising two or more monomers. In terms ol sequence,
copolymers can be random, block, or comprise a combina-
tion of random and block sequences. Typically, polymers in
accordance with the present invention are organic polymers.

[0095] Examples of polymers suitable for use in the com-
position described herein include, but are not limited to
polyethylenes, polycarbonates (e.g. poly(1,3-dioxan-2one)),
polyanhydrides (e.g. poly(sebacic anhydride)), polypropyl-
fumarates, polyamides (e.g., polycaprolactam), polyacetals,
polyethers, polyesters (e.g., polylactide, polyglycolide,
polylactide-co-glycolide, polycaprolactone, polyhydroxy-
acid (e.g. poly(-hydroxyalkanoate))), poly(orthoesters),
polycyanoacrylates, polyvinyl alcohols, polyurethanes,
polyphosphazenes, polyacrylates, polymethacrylates, poly-
ureas, polystyrenes, and polyamines, polylysine, polylysine-
PEG copolymers, and poly(ethyleneimine), poly(ethylene
imine)-PEG copolymers.

[0096] In some embodiments, polymers 1n accordance
with the present invention include polymers that have been
approved for use in humans by the U.S. Food and Drug
Administration (FDA) under 21 C.ER. § 177.2600, includ-
ing but not limited to polyesters (e.g., polylactic acid,
poly(lactic-co-glycolic acid), polycaprolactone, polyvalero-
lactone, poly(1,3-dioxan-2one)); polyanhydrides (e.g., poly
(sebacic anhydnide)); polyethers (e.g., polyethylene glycol);

polyurethanes; polymethacrylates; polyacrylates; and
polycyanoacrylates.
[0097] In some embodiments, polymers can be hydro-

philic. For example, polymers can comprise anionic groups
(e.g., phosphate group, sulfate group, carboxylate group);
cationic groups (e.g., quaternary amine group); or polar
groups (e.g., hydroxyl group, thiol group, amine group). In
some embodiments, polymers can be hydrophobic. Selec-
tion of the hydrophilicity or hydrophobicity of the polymer
can have an impact on the nature of materials that are
incorporated (e.g., coupled) within the synthetic nanopar-
ticle.

[0098] In some embodiments, polymers can be modified
with one or more moieties and/or functional groups. A
variety of moieties or functional groups can be used in
accordance with the present invention. In some embodi-
ments, polymers can be modified with polyethylene glycol
(PEG), with a carbohydrate, and/or with acyclic polyacetals
derived from polysaccharides (Papisov, 2001, ACS Sympo-
sium Series, 786:301). Certain embodiments can be made
using the general teachings of U.S. Pat. No. 5,543,138 to
Grefl et al, or WO publication WO2009/051837 by Von
Andnan et al.

[0099] In some embodiments, polymers can be modified
with a lipid or fatty acid group. In some embodiments, a
fatty acid group can be one or more of butyric, caproic,
caprylic, capric, lauric, myristic, palmitic, stearic, arachidic,
behenic, or lignoceric acid. In some embodiments, a fatty
acid group can be one or more of palmitoleic, oleic, vacce-
nic, linoleic, alpha-linoleic, gamma-linoleic, arachidonic,
gadoleic, arachudonic, eicosapentaenoic, docosahexaenoic,
or erucic acid.

[0100] Insome embodiments, polymers can be polyesters,
including copolymers comprising lactic acid and glycolic
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acid units, such as poly(lactic acid-co-glycolic acid) and
poly(lactide-co-glycolide), collectively referred to herein as
“PLGA”; and homopolymers comprising glycolic acid units,
referred to herein as “PGA.” and lactic acid units, such as
poly-L-lactic acid, poly-D-lactic acid, poly-D,L-lactic acid,
poly-L-lactide, poly-D-lactide, and poly-D,L-lactide, collec-
tively referred to herein as “PLA.” In some embodiments,
exemplary polyesters include, for example, polyhydroxyac-

1ids; PEG copolymers and copolymers of lactide and gly-
colide (e.g., PLA-PEG copolymers, PGA-PEG copolymers,
PLGA-PEG copolymers, and dernivatives thereof. In some
embodiments, polyesters include, for example, poly(capro-
lactone), poly(caprolactone)-PEG copolymers, poly(L-lac-
tide-co-L-lysine), poly(serine ester), poly(4-hydroxy-L-pro-
line ester), poly[a-(4-aminobutyl)-L-glycolic acid], and
derivatives thereof. The degradation rate of PLGA can be
adjusted by altering the lactic acid: glycolic acid ratio. In
some embodiments, PLLGA to be used 1n accordance with the
present mvention 1s characterized by a lactic acid: glycolic
acid ratio of approximately 85:135, approximately 75:25,
approximately 60:40, approximately 50:30, approximately
40:60, approximately 25:75, or approximately 135:85.

[0101] In some embodiments, polymers can be one or
more acrylic polymers. In certain embodiments, acrylic
polymers 1nclude, for example, acrylic acid and methacrylic
acid copolymers, methyl methacrylate copolymers, ethoxy-
cthyl methacrylates, cyanoethyl methacrylate, aminoalkyl
methacrylate copolymer, poly(acrylic acid), poly(meth-
acrylic acid), methacrylic acid alkylamide copolymer, poly
(methyl methacrylate), poly(methacrylic acid anhydride),
methyl methacrylate, polymethacrylate, poly(methyl meth-
acrylate) copolymer, polyacrylamide, aminoalkyl methacry-
late copolymer, glycidyl methacrylate copolymers, polycya-
noacrylates, and combinations comprising one or more of
the foregoing polymers. The acrylic polymer can comprise
tully-polymerized copolymers of acrylic and methacrylic
acid esters with a low content of quaternary ammonium
groups.

[0102] In some embodiments, polymers can be cationic
polymers. In general, cationic polymers are able to condense
and/or protect negatively charged strands of nucleic acids
(e.g., DNA, or dertvatives thereol). Amine-containing poly-
mers such as poly(lysine) (Zauner et al., 1998, Adv. Drug
Del. Rev., 30:97; and Kabanov et al, 1993, Bioconjugate
Chem., 6:7), poly(ethylene 1mine) (PEI; Boussif et al, 1993,
Proc. Natl Acad. Sci., USA, 1995, 92:7297), and poly
(amidoamine) dendrimers (Kukowska-Latallo et al., 1996,
Proc. Natl. Acad. Sci., USA, 93:4897; Tang et al., 1996,
Bioconjugate Chem., 7:703; and Haensler et al, 1993, Bio-
conjugate Chem., 4:372) are positively-charged at physi-
ological pH, form 1on pairs with nucleic acids, and mediate
transiection 1n a variety of cell lines. In some embodiments,
polymers can be degradable polyesters bearing cationic side
chains (Putnam et al, 1999, Macromolecules, 32:36358; Bar-
rera et al, 1993, J. Am. Chem. Soc, 115: 11010; Kwon et al,
1989, Macromolecules, 22:3250; Lim et al, 1999, J. Am.
Chem. Soc, 121:5633; and Zhou et al., 1990, Macromol-
ecules, 23:3399). Examples of these polyesters include
poly(L-lactide-co-L-lysine) (Barrera et al, 1993, J Am.
Chem. Soc, 115: 11010), poly(serine ester) (Zhou et al, 1990,
Macromolecules, 23:3399), poly(4-hydroxy-L-proline ester)
(Putnam et al, 1999, Macromolecules, 32:3658; and Lim et
al, 1999, J. Am. Chem. Soc, 121:5633), and poly(4-hydroxy-
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L-proline ester) (Putnam et al, 1999, Macromolecules,
32:3658; and Lim et al, 1999, J. Am. Chem. Soc, 121 :5633).

[0103] The properties of these and other polymers and

methods for preparing them are well known 1n the art (see,
for example, U.S. Patents 6, 123,727; 5,804,178; 5,770,417

5,736,372, 5,716,404; 6,095,148; 5,837,752; 5,902,599;
5,696,175, 5,514,378; 35,512,600; 5,399,665, 5,019,379;
5,010,167, 4,806,621, 4,638,045; and U.S. Pat. No. 4,946,
929; Wang et al, 2001, J. Am. Chem. Soc, 123:9480; Lim et
al, 2001, J. Am. Chem. Soc, 123:2460; Langer, 2000, Acc.
Chem. Res., 33:94; Langer, 1999, J. Control. Release, 62:7;
and Uhrich et al, 1999, Chem. Rev., 99:3181). More gener-
ally, a variety of methods for synthesizing certain suitable
polymers are described i Concise Encyclopedia of Polymer
Science and Polymeric Amines and Ammonium Salts, Ed.
by Goethals, Pergamon Press, 1980; Principles of Polymer-
ization by Odian, John Wiley & Sons, Fourth Edition, 2004;
Contemporary Polymer Chemistry by Allcock et al, Pren-
tice-Hall, 1981; Deming et al., 1997, Nature, 390:386; and
in U.S. Pat. Nos. 6,506,577, 6,632,922, 6,686,446, and
6,818,732. Each of the forgoing 1s incorporated herein by
reference in 1ts entirety.

[0104] In some embodiments, polymers can be linear or
branched polymers. In some embodiments, polymers can be
dendrimers. In some embodiments, polymers can be sub-
stantially cross-linked to one another. In some embodiments,
polymers can be substantially free of cross-links. In some
embodiments, polymers can be used in accordance with the
present mnvention without undergoing a cross-linking step. It
1s further to be understood that inventive synthetic nanopar-
ticles can comprise block copolymers, graft copolymers,
blends, mixtures, and/or adducts of any of the foregoing and
other polymers. Those skilled 1n the art will recognize that
the polymers listed herein represent an exemplary, not
comprehensive, list of polymers that can be of use 1n
accordance with the present invention.

[0105] In some embodiments, synthetic nanoparticles can
optionally comprise one or more amphiphilic enfities. In
some embodiments, an amphiphilic entity can promote the
production of synthetic nanoparticles with increased stabil-
ity, improved uniformity, or increased viscosity. In some
embodiments, amphiphilic entities can be associated with
the interior surface of a lipid membrane (e.g., lipid bilayer,
lipid monolayer, etc.). Many amphiphilic entities known 1n
the art are suitable for use in making synthetic nanoparticles
in accordance with the present invention. Such amphiphilic
entities 1nclude, but are not limited to, phosphoglycerides;
phosphatidylcholines;  dipalmitoyl phosphatidylcholine
(DPPC); dioleylphosphatidyl ethanolamine (DOPE); diol-
eyloxypropyltriethylammonium (DOTMA); dioleoylphos-
phatidylcholine; cholesterol; cholesterol ester; diacylglyc-
erol; diacylglycerolsuccinate; diphosphatidyl glycerol
(DPPGQG); hexanedecanol; fatty alcohols such as polyethylene
glycol (PEG); polyoxyethylene-9-lauryl ether; a surface
active fatty acid, such as palmitic acid or oleic acid; fatty
acids; fatty acid monoglycerides; fatty acid diglycerides;
fatty acid amaides; sorbitan trioleate (Span®85) glycocho-
late; sorbitan monolaurate (Span®20); polysorbate 20
(Tween®20); polysorbate 60 (Tween®60); polysorbate 65
(Tween®63); polysorbate 80 (Tween®80); polysorbate 85
(Tween®835); polyoxyethylene monostearate; surfactin; a
poloxomer; a sorbitan fatty acid ester such as sorbitan
trioleate; lecithin; lysolecithin; phosphatidylserine; phos-
phatidylinositol;sphingomyelin; phosphatidylethanolamine
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(cephalin); cardiolipin; phosphatidic acid; cerebrosides;
dicetylphosphate; dipalmitoylphosphatidylglycerol;
stearylamine; dodecylamine; hexadecyl-amine; acetyl
palmitate; glycerol ricinoleate; hexadecyl sterate; 1sopropyl
myristate; tyloxapol; poly(ethylene glycol)5000-phosphati-
dylethanolamine; poly(ethylene glycol)400-monostearate;
phospholipids; synthetic and/or natural detergents having
high surfactant properties; deoxycholates; cyclodextrins;
chaotropic salts; 1on pairing agents; and combinations
thereof. An amphiphilic entity component can be a mixture
of different amphiphilic entities. Those skilled in the art will
recognize that this 1s an exemplary, not comprehensive, list
of substances with surfactant activity. Any amphiphilic
entity can be used in the production of synthetic nanopar-
ticles to be used 1n accordance with the present invention.
[0106] In some embodiments, synthetic nanoparticles can
optionally comprise one or more carbohydrates. Carbohy-
drates can be natural or synthetic. A carbohydrate can be a
derivatized natural carbohydrate. In certain embodiments, a
carbohydrate comprises monosaccharide or disaccharide,
including but not limited to glucose, fructose, galactose,
ribose, lactose, sucrose, maltose, trehalose, cellbiose, man-
nose, xvlose, arabinose, glucoronic acid, galactoronic acid,
mannuronic acid, glucosamine, galatosamine, and neuramic
acid. In certain embodiments, a carbohydrate 1s a polysac-
charide, including but not limited to pullulan, cellulose,
microcrystalline cellulose, hydroxypropyl methylcellulose
(HPMC), hydroxycellulose (HC), methylcellulose (MC),
dextran, cyclodextran, glycogen, hydroxyethylstarch, cara-
geenan, glycon, amylose, chitosan, N,O-carboxylmethylchi-
tosan, algin and alginic acid, starch, chitin, inulin, konjac,
glucommannan, pustulan, heparin, hyaluronic acid, curdlan,
and xanthan. In embodiments, the inventive synthetic nan-
oparticles do not comprise (or specifically exclude) carbo-
hydrates, such as a polysaccharide. In certain embodiments,
the carbohydrate can comprise a carbohydrate derivative
such as a sugar alcohol, including but not limited to man-
nitol, sorbitol, xylitol, erythritol, maltitol, and lactitol.
[0107] The nanoparticles disclosed herein (e.g., liposomes
or poly(lactic-co-glycolic acid) (PLGA) encapsulating one
or more of the peptides disclosed herein) can be adminis-
tered to a human subject 1n combination with LAG3 and/or
GAL3 inhibitory agents, as well as another therapy
described herein (e.g., multipeptide vaccine, ex vivo cellular
immunotherapy). In some instances, a further therapeutic
agent, such as an immune agonist (e.g., ant1-OX40 antibody;
ant1-GITR antibody), and/or lenalidomide can be adminis-
tered.

Ex Vivo Cellular Immunotherapy

[0108] “Exvivo cellular immunotherapy’ 1n the context of
this disclosure refers to the ex vivo process which involves
harvesting cells from patients or donors, 1 vitro manipula-
tion to enhance the therapeutic potential of the cell harvest,
and subsequent administering (e.g., via intravenous transiu-
sion) to the patients. The cells harvested by this process are
referred to herein as “ex vivo activated immune cells”,
which include ex vivo T cells (e.g., cytotoxic T lymphocytes

of CTLs) and/or ex vivo PBMCs (e.g., dendritic cells)
activated with the XBP1, CS1, and/or CD138 peptides of

this disclosure.

[0109] In some embodiments, the methods of this disclo-
sure include administering to a subject with a cancer (e.g.,

a blood cancer such as MM, leukemia e.g., (AML), or NHL),
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or a pre-cancerous condition (e.g., MGUS or SMM), ex vivo
activated XBP1, CS1, and/or CD138 specific immune cells
(e.g., antigen-specific T cells or PBMCs) with anti-cancer
activity. The immune cells can be T cells or peripheral blood
mononuclear cells (e.g., antigen presenting cells). The anti-
gen-speciiic cytotoxic T lymphocytes (CTLs) of the disclo-
sure that are generated ex vivo, have functional activity
against HLA-A2+ or HLA-A24+MM cells. In some aspects,
antigen-specific T cells can be generated with (a) peptide-
stimulated T cell-based therapy; (b) PBMC-based therapy
(c.g., dendritic cell (DC)-based therapy); (c¢) induced
pluripotent stem cells (1IPSC)-based therapy; or (d) T cell
receptor (TCR)-based therapy. These are described in
greater detail below.

(a) T Cell-Based Immunotherapy

[0110] In peptide-stimulated T cell-based therapy (adop-
tive T cell therapy), the T cells or PBMC are generated ex
vivo by stimulation with one or more (1, 2, 3, 4) of the
XBP1, CDI138 and/or CS1 peptide(s) (one or more of the
peptides of SEQ ID NOs: 24-27 or one or more of the
peptides of SEQ ID NOs.: 28-31) and the antigen-specific T
cells induced can be used as adoptive therapy 1n combina-
tion with LAG3 and/or GAL3 inhibitory agents (and/or one
or more of anti-OX40, anti-GITR, anti-PDI1, anti-PD-L1
antibodies or antigen-binding fragments thereof) 1n human
subjects with a cancer (e.g., a blood cancer such as MM), or
a pre-cancerous condition (e.g., MGUS or SMM).

[0111] The method for generating adoptive T cells
includes contacting 1n vitro a T cell (e.g., 1n a population of
lymphocytes obtamned from a subject) with an antigen-
presenting cell (APC) expressing an MHC molecule bound
to one or more ol the peptides described herein for an
amount of time (and under conditions) that i1s suflicient to
activate the T cell (e.g., cytotoxic T cells and/or CD4+ helper
T cells). Thus, the disclosure provides methods of generating
and/or proliferating XBP1, CS1, and/or CD138 specific T
cells (e.g., cytotoxic T cells and/or CD4+ helper T cells). The
methods 1nvolve contacting one or more T cells (e.g.,
cytotoxic T cells and/or CD4+ helper T cells) with one or
more antigen presenting cells pulsed with a peptide as
described herein. These T cells can be cytotoxic T cells, e.g.,
memory cytotoxic T cells, eflector cytotoxic T cells, or

CD4+ helper T cells.

[0112] The activated T cells can be used to kill a target
cell. In some embodiments, the methods involve contacting
the target cell with cytotoxic T cells that are specific for one
or more (e.g., 1, 2, 3) of the following: XBP1, CS1, and/or
CD138, wherein the target cell expresses or overexpresses

XBP1, CS1, and/or CD138, and expresses HLA-A2 or
HLA-A24.

[0113] The activated T cells can also be reintroduced 1nto
the subject from which the cells were obtained. In some
embodiments, T cells can be obtained from a subject of the
same species other than the subject (allogeneic) can be
contacted with the reagents (or immunogenic/antigenic
compositions) and administered to the subject.

[0114] In some embodiments, T cells are derived from 1n
vitro induction 1n patient-derived peripheral blood mononu-
clear cells (PBMC). The following protocol can be used to
produce antigen specific CTL 1n vitro from patient derived
PBMC. To generate dendritic cells, the plastic adherent cells
from PBMCs are cultured in AIM-V medium supplemented
with recombinant human GM-CSF and recombinant human
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IL.-4 at 37° C. 1n a humidified CO, (5%) incubator. Si1x days
later, the immature dendritic cells in the cultures are stimu-
lated with recombinant human TNF-a for maturation.
Mature dendritic cells are then harvested on day 8, resus-
pended in PBS at 1x10° per mL with peptide (2 ng/mL), and
incubated for 2 hours at 37° C. Autologous CD8+ T cells are
enriched from PBMCs using magnetic microbeads (Miltenyi
Biotech, Auburn, Calif.). CD8+ T cells (2x10° per well) are
cocultured with 2x10° per well peptide-pulsed dendritic
cells in 2 mL/well of AIM-V medium supplemented with 5%
human AB serum and 10 units/mL rhIL-7 (Cell Sciences) in
cach well of 24-well tissue culture plates. About 20 U/ml of
IL.-2 1s added 24 h later at regular intervals, 2 days after each
restimulation. On day 7, lymphocytes are restimulated with
autologous dendritic cells pulsed with peptide 1n AIM-V
medium supplemented with 5% human AB serum, rhil-2,
and rhIL-7 (10 units/mL each). About 20 U/ml of IL-2 1s
added 24 h later at regular intervals, 2 days after each
restimulation. On the seventh day, after the three rounds of
restimulation, cells are harvested and tested the activity of
CTL. The stimulated CD8+ cultured cells (CTL) are co-
cultured with T2 cells (a human TAP-deficient cell line)
pulsed with 2 nug/ml Her-2, gpl100, AIM-2, MAGE-1, or
I1.13 receptor .2 peptides. After 24 hours incubation, IFN-y
in the medium 1s measured by ELISA assay.

(b) Peripheral Blood Mononuclear Cells (PBMC)-Based
Immunotherapy

[0115] In PBMC-based immunotherapy, PBMCs (e.g.,

antigen-presenting cells) are pulsed with XBP1, CD138,
and/or CS1 peptide(s) (one or more of the peptides of SEQ
ID NOs: 24-27 or one or more of the 28-31) and 1njected to
patients in order to generate the antigen-specific T cells (1.e.,
T cells specific for XBP1, CD138, and/or CS1), and admin-
istered LAG3 and/or GAL-3 inhibitory agents.

[0116] An ex vivo strategy for inducing an immune
response 1n a subject can 1involve contacting suitable
PBMC s, 1n particular, antigen presenting cells (APCs; e.g.,
dendritic cells, monocytes, or macrophages) obtained from
the subject with any of the peptides described herein.
Alternatively, the cells can be transtected with a nucleic acid
(e.g., an expression vector) encoding one or more of the
peptides and optionally cultured for a period of time and
under conditions that permit the expression of the peptides.
The transiection method will depend on the type of cell and
nucleic acid being transfected into the cell. Following the
contacting or transfection, the cells are then returned to the
subject.

[0117] The cells can be any of a wide range of types
expressing MHC class I or II molecules. For example, the
cells can include macrophages, monocytes, dendritic cells, T
cells (e.g., T helper cells, CD4+ cells, CD8+ cells, or
cytotoxic T cells), or B cells.

[0118] 'Thus, the disclosure provides a composition com-
prising a PBMC (e.g., an APC), wherein the APC presents
a peptide sequence on 1ts surface, wherein the peptide
sequence comprises at least one major histocompatibility
complex (MHC) class I or class 11 peptide epitope of one or
more of the XBP1, CS1, and/or CD138 peptides of SEQ ID
NOs: 24-31 or vanants thereof as described elsewhere. In
some embodiments, the APC 1s a dendritic cell. In some
embodiments, the MHC peptide epitope 1s MHC class 1
peptide epitope (e.g., HLA-A2 or HLA-A24 peptide
epitope). In some embodiments, the APC acquires the pep-
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tide sequence 1n vitro by exposure to a synthetic peptide
comprising the peptide sequence.

[0119] In some embodiments of any of the ex vivo meth-
ods, cells that are obtained from the subject, or from a
subject of the same species other than the subject (alloge-
neic), e.g., an HLA-matched donor, can be contacted with
the reagents (or immunogenic/antigenic compositions) and
administered to the subject.

[0120] In some embodiments, the composition comprises
at least 10%, 10°, 10°, 107, 10®, or 10° PBMCs (e.g., dendritic
cells). In some embodiments, the composition comprises
less than 10°, 10°, 107, 10°, 10°, or 10'° PBMCs (e.g.,

dendritic cells).

Isolation and Preparation of APCs

[0121] The APCs can be 1solated and prepared by methods
known 1n the art. See, e.g., U.S. Patent Application Publ. No.
US20200352995, U.S. Pat. No. 5,643,786, O’Doherty, U. et
al., J. Exp. Med., (1993) 178: 1067-1078; Young J W et al,
J. Exp. Med., (1990) 171: 1315-1332,; Freudenthal P S,
Proc. Nat. Acad. Sci. USA, (1990) 57: 7698-7702; Macato-
nia et al., Immunol., (1989) 67: 285-289,; Markowicz S, J.
Clin. Invest., (1990) 85: 955-961; Mehta-Damani A. etal., J.
Immunol., (1994) 133: 996-1003; and Thomas R. et al., J.
Immunol., (1993) 151: 6840-6852.

[0122] Bnetly, APCs, such as dendritic cells (DC), suit-

able for administration to subjects (e.g., multiple myeloma
patients) can be 1solated or obtained from any tissue in
which such cells are found, or can be otherwise cultured and
provided. APC (e.g., DC) can be found, by way of example,
in the bone marrow or peripheral blood mononuclear cells
(PBMC) of a mammal, 1n the spleen of a mammal or 1n the
skin of a mammal (1.e., Langerhan’s cells, which possess
certain qualities similar to that of DC, can be found 1n the
skin). For instance, bone marrow can be harvested from a
mammal and cultured 1n a medium that promotes the growth
of DC. GM-CSE, IL-4 and/or other cytokines (e.g., TNF-a),
growth factors and supplements can be included in this
medium. After a suitable amount of time in culture in
medium containing appropriate cytokines (e.g., suitable to
expand and differentiate the DCs mto mature DCs, e.g., 4, 6,
8, 10, 12, or 14 days), clusters of DC cultured 1n the presence
of antigens of interest (e.g., 1n the presence of one or more
HLA-A2+ peptides of SEQ ID NOs: 24-27 or one of more
HLA-A24+ peptides of SEQ ID NOs: 28-31) and harvested
using standard techniques. Antigens (e.g., peptides of the
disclosure) can be added to cultures at a concentration of 1
ug/ml-50 ug/ml per antigen, e.g., 2, 5, 10, 20, 30, or 40 ug/ml
per antigen.

[0123] In some embodiments, APC are 1solated from a
subject (e.g., a human). Mononuclear cells are 1solated from
blood using leukapheresis (e.g., using a COBE Spectra
Apheresis System). The mononuclear cells are allowed to
become adherent by 1incubation 1n tissue culture flasks for 2
hours at 37° C. Non-adherent cells are removed by washing.
Adherent cells are cultured in medium supplemented with
granulocyte macrophage colony stimulating factor (GM-
CSF) (800 units/ml, clinical grade, Immunex, Seattle,
Wash.) and interleukin-4 (IL-4)(500 umts/ml, R&D Sys-
tems, Minneapolis, Minn.) for five days. On day five, TNF-c.
1s added to the culture medium for another 3-4 days. On day
8 or 9, cells are harvested and washed, and incubated with
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peptide antigens for 16-20 hours on a tissue rotator. Peptide
antigens are added to the cultures at a concentration of 10

ug/ml (per antigen).

[0124] Various other methods can be used to 1solate the
APCs, as would be recognized by one of skill in the art. DCs
occur 1 low numbers 1n all tissues 1 which they reside,
making 1solation and enrichment of DCs a requirement. Any
ol a number of procedures entailing repetitive density gra-
dient separation, fluorescence activated cell sorting tech-
niques, positive selection, negative selection, or a combina-
tion thereof are routinely used to obtain enriched
populations of 1solated DCs.

[0125] The dendritic cells prepared according to methods
described herein present epitopes corresponding to the anti-
gens at a higher average density than epitopes present on
dendritic cells exposed to a tumor cells (e.g., a multiple
myeloma cells). The relative density of one or more antigens
on antigen presenting cells can be determined by both
indirect and direct means. Primary immune response of
naive animals 1s roughly proportional to antigen density of
antigen presenting cells (Bullock TNI et al., J. Immunol.,
(2003) 170: 1822-1829). Relative antigen density between
two populations of antigen presenting cells can therefore be
estimated by immunizing an animal with each population,
1solating B or T cells, and monitoring the specific immune
response against the specific antigen by, e.g., tetramer
assays, ELISPOT, or quantitative PCR.

[0126] Relative antigen density can also be measured
directly. In one method, the antigen presenting cells are
stained with an antibody that binds specifically to the
MHC-antigen complex, and the cells are then analyzed to
determine the relative amount of antibody binding to each
cell (see, e.g., Gonzalez P A et al., Proc. Natl. Acad. Sci.
USA, (2005) 102: 4824-4829). Exemplary methods to ana-
lyze antibody binding include flow cytometry and fluores-
cence activated cell sorting. The results of the analysis can
be reported e.g., as the proportion of cells that are positive
for staining for an individual MHC-antigen complex or the
average relative amount of staining per cell. In some
embodiments, a histogram of relative amount of staining per
cell can be created.

[0127] In some embodiments, antigen density can be
measured directly by direct analysis of the peptides bound to
MHC, e.g., by mass spectrometry (see, e.g., Purcell A W,
Mol. Cell. Proteomics, (2004)3: 193-208). Typically, MHC-
bound peptides are 1solated by one of several methods. In
one method, cell lysates of antigen presenting cells are

analyzed, often following ultrafiltration to enrich for small
peptides (see, e.g., Falk K et al., J. Exp. Med., (1991) 174:

425-434). In another method, MHC-bound peptides are
1solated directly from the cell surface, e.g., by acid elution
(see, e.g., Storkus W I et al., J. Immunother., (1993) 14:
94-103; Storkus et al., J. Immunol., (1993) 151: 3719-27). In
another method, MHC-peptide complexes are immunoaflin-
ity purified from antigen presenting cell lysates, and the
MHC-bound peptides are then eluted by acid treatment (see,
¢.g., Falk K et al., Nature, 351: 290-296). Following 1sola-
tion of MHC-bound peptides, the peptides are then analyzed
by mass spectrometry, often following a separation step
(e.g., liquid chromatography, capillary gel electrophoresis,
or two-dimensional gel electrophoresis). The individual pep-
tide antigens can be both identified and quantified using
mass spectrometry to determine the relative average propor-
tion of each antigen 1n a population of antigen presenting
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cells. In some methods, the relative amounts of a peptide 1n
two populations of antigen presenting cells are compared
using stable 1sotope labeling of one population, followed by
mass spectrometry (see Lemmel C et al., Nat. Biotechnol.,

(2004) 22: 450-454).

(¢) Chimeric Antigen Receptor (CAR) T-Cell Based
Immunotherapy

[0128] In T cell receptor (TCR)-based therapy, the TCR on
XBP1/CD138/CS1 peptide(s)-specific T cells are transduced
into T cells, which possess the characteristic ol antigen-
specific T cells, which cells can further be used as adoptive
therapy 1in combination with LAG3 and/or GAL3 inhibitory
agents. CAR-modified T cells can be engineered to target the
MM-associated antigens (e.g., XBP1, CS1, and/or CD138;
peptides of SEQ ID NOs: 24-27 or 28-31). T cells are
genetically engineered to express CARs specifically directed
towards antigens on the patient’s cancer cells, which are
then mfused back into the patient.

[0129] The common form of CARs are fusions of single-
chain variable fragments (scFv), fused to CD3-zeta trans-
membrane- and endodomain. The scFV can be derived from
the antigen-specific receptor of T cells (e.g., XBP1, CS1, and
CD138-specific cytotoxic T cells), or antibodies that spe-
cifically bind to the antigen.

[0130] In some embodiments, the sequence of the T cell
receptors 1n XBP1, CS1, and CD138-specific cytotoxic T
cells 1s determined, e.g., by sequencing. The sequence of the

T cell receptors 1n XBP1, CS1, and CD138-specific cyto-
toxic T cells can be used to generate a CAR.

[0131] In some embodiments, these T cells are collected
from the patient. In some embodiments, these T cells are
obtained from induced pluripotent stem cell (IPSC).

[0132] Viral vectors such as retrovirus, lentivirus or trans-
poson, are olten used to integrate the transgene (e.g., CAR)
into the host cell genome. Alternatively, non-integrating
vectors such as plasmids or mRNA can be used to transier
the CAR gene to the T cells, and make T cells to express
CAR under appropriate conditions.

(d) Induced Pluripotent Stem Cell Immunotherapy

[0133] In 1PSC-based therapy, the 1PSCs are generated
from the XBP1, CD138, and/or CS1 peptide(s) (peptides of
SEQ ID NOs: 24-27 or 28-31)-specific T cells and then
differentiated into rejuvenated antigen-specific T cells,

which can be used as adoptive therapy 1n combination with
LAG3 and/or GAL3 inhibitory agents.

[0134] The present disclosure also provides methods for
using “induced pluripotent stem cells (1IPSC)” to generate
CTLs. 1PSCs are a special type of pluripotent cell that are
derived from adult somatic cells upon ectopic expression of
a set of defined transcription factors. Importantly, tumor
antigen-specific CTL can be reprogrammed by 1PSC tech-
nology from antigen-specific CTL (Vizcardo et al. 2013,
Ando M et al. Stem Cell Reports (2015), 3(4): 597-608).
These 1PSC-CTL are functionally rejuvenated and demon-
strate longer telomeres (1.5 fold increase) and a higher
proliferative capacity (5-50 fold increase) than the original
CTL from which they were derived (Nishimura T et al. Stews
Cell Cell (2013) 12(1): 114-126. This powertul reprogram-
ming therapeutic approach has the potential to markedly
increase the eflicacy and durability of antigen-specific can-
cer immunotherapy. Thus, the disclosure provides methods
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of using rejuvenating cytotoxic T cells specific to XBP1,
CS1, and/or CD138. In some embodiments, the methods of
generating CTLs from 1PSCs can increase the proliferative
capacity by at least 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70,
80, 90, or 100 folds.

[0135] Activation of tumor-specific CTLs 1s the main goal
of many cancer immunotherapies. The i1solation of tumor-
specific T-cells from a cancer patient, 1n vitro preparation
(activation and expansion), and transtusion of these T-cells
to the patient are basic steps of adaptive immunotherapy
with T-cell. 1PSC technology can be used to improve the
ellicacy of adoptive cell transfer immunotherapy (ACT).
[0136] The 1PSC can be obtained from differentiated cells
(e.g., fibroblasts, immune cells, T cells, B cells) mduced
through retroviral transfection of Yamanaka factors (a com-
bination of Oct3/4, Sox2, Kli4, and ¢c-Myc), and differenti-
ated mto T-cell lineages by culturing 1t on monolayer
OP9-DL1 cell system 1n addition to Flt-3 ligand and IL-7.
[0137] In some embodiments, 1IPSCs can be generated
from T-cells. After the expansion, these cells are diflerent-
ated again 1nto T-cells. Human T lymphocyte can act as cell
source for 1PSC generation. Peripheral blood mononuclear
cells (PBMCs) can be separated from whole blood by
leukapheresis or venipuncture and then CD3+ T-cells can be
expanded by stimulation with IL-2 and ant1-CD3 antibody.
T-cell-dennved 1PSCs ('T1PS) can be generated from activated
T-cell when exposed to retroviral transduction of the repro-
gramming factors. These T-1PSCs preserve their original
T-cell receptor (TCR) gene rearrangements, so they can be
used as an unlimited source of hematopoietic stem cells
bearing endogenous tumor-specific TCR gene for cancer
ACT therapy.

[0138] Thus, in some embodiments, 1PSCs are generated
from antigen-specific cytotoxic T cells. These antigen-spe-
cific T cells are generated by the methods as described
herein, e.g., by contacting one or more T cells with one or
more antigen presenting cells pulsed with a peptide com-
prising an amino acid sequence as described herein (e.g.,
SEQ ID NOs: 24-27 or SEQ ID NOs: 28-31). As the T-1PSCs
preserve their original T-cell receptor (T'CR) gene rearrange-
ments, after these T-1PSCs differentiates into T cells, these T
cells can recognize XBP1, CS1, and/or CD138 on a cancer
cell (e.g., an MM cell).

[0139] In some embodiments, a nucleic acid that encodes
CAR that specifically recognizes XBP1, CS1, and/or CD138
can be introduced into T-1IPSCs. Once after these T-1PSCs
differentiates into T cells, these T cells can recognize XBP1,
CS1, and/or CD138 on a cancer cell (e.g., an MM cell).
[0140] In some embodiments, the differentiated T cells are
administered to a subject. In some embodiments, T-1IPSCs
are administered to a subject, and then these cells are
differentiated into cytotoxic T cells 1n the body of the
subject.

Additional Treatments

[0141] This disclosure features combination therapies
wherein the LAG3 and/or GAL3 inhibitory agent 1s admin-
istered with the multipeptide vaccine or adoptive T cell
therapy of this disclosure to a subject (e.g. a subject with
MM) 1n combination with one or more additional treat-
ments. The additional treatment can be an art-recognized
therapy for blood cancers (e.g., MM, leukemia, or NHL)
and/or a therapy that prevents the pre-cancerous blood
condition from progressing 1nto a blood cancer. See van de
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Donk NWCI, et al., Lancet. (2021) Jan. 30; 397(10272):
410-4277 for a review of treatments that can be used for MM,
SMM, and MGUS. Such treatments include, but are not
limited to the following: one or more forms ol 10mizing
radiation and/or one or more agents selected from the group
consisting of a therapeutic antibody, an immunomodulatory
drug, a histone deacetylase (HDAC) inhibitor, an antine-
oplastic agent, a proteasome inhibitor, an antibody-drug
conjugate, a nuclear export inhibitor and a corticosteroid.
The therapeutic antibody that can be used as an additional
treatment includes, but 1s not limited to, an anti-PD1 anti-
body (e.g., Pembrolizumab, Nivolumab, or Dostarlimab), an
ant1-PD-L1 antibody (e.g., Durvalumab), an anti-CD38 anti-
body (e.g., Daratumumab or Isatuximab), an anti-SLAME7
antibody (e.g., Elotuzumab), an anti-CTLA4 antibody (e.g.,
Iptlimumab or Tremelimumab), an anti-TIM3 antibody
(c.g., Cobolimab), an anti-VISTA antibody (e.g., SG7 or
WO0180), an anti-OX-40 antibody (e.g., PF-04518600, or
IBI101), or an ant1i-GITR antibody (e.g., BMS-986136). The
immunomodulatory drug that can be used as an additional
treatment includes, but 1s not limited to, lenalidomide,
pomalidomide, or thalidomide. The HDAC inhibitor that can
be used as an additional treatment includes, but 1s not limited
to, citarinostat or panobinostat. The antineoplastic agent that
can be used as an additional treatment includes, but 1s not
limited to, cyclophosphamide, etoposide, oxorubicin, lipo-
somal doxorubicin, melphalan, melphalan flufenamide, and
bendamustine. The proteasome inhibitor that can be used as
an additional treatment includes, but 1s not limited to,
bortezomib, carfilzomib, and 1xazomib. The antibody-drug
conjugate that can be used as an additional treatment
includes, but 1s not limited to, belantamab matodotin-blmf.
The nuclear export inhibitor that can be used as an additional
treatment includes, but 1s not limited to, selinexor. The
corticosteroid that can be used as an additional treatment
includes, but 1s not limited to, dexamethasone or prednisone.

[0142] In some embodiments, the combination therapy
disclosed herein includes an antibody or PD-1-binding frag-
ment thereof comprising the six CDRs of the anti-PDI
antibody Pembrolizumab. The CDRS can bev based on any
definition known 1n the art (e.g., Kabat, Chothia, enhanced
Chothia, contact, Abysis, AbM, IMGT, or contact defini-
tions). In some embodiments, the combination therapy dis-
closed herein includes an antibody or PD-1-binding frag-
ment thereol comprising the VH and VL of the anti-PD]1
antibody Pembrolizumab. In some embodiments, the com-
bination therapy disclosed herein includes an antibody or
PD-1-binding fragment thereof comprising the heavy and
light chains of the anti-PD1 antibody Pembrolizumab. Pem-
brolizumab 1s also disclosed 1n U.S. Pat. No. 9,995,753,

incorporated by reference in 1ts entirety.

[0143] The International Nonproprietary Names for Phar-
maceutical Substances (INN) (WHO Drug Information, Vol.
28, No. 3, 2014) (incorporated by reference 1n 1ts entirety,
including the section entitled “pembrolizumab™ on p. 407)
provides the pembrolizumab heavy and light chain
sequences as:

Pembrolizumab Heavy chain sequence:
(SEQ ID NO: 236)
QVOQLVQSGVE VKKPGASVKV SCKASGYTEFT NYYMYWVROQA

PGOGLEWMGG INPSNGGTNE NEKFKNRVTL TTDSSTTTAY
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-continued

MELKSLOQEFDD TAVYYCARRD YREDMGEDYW GQGTTVITVSS
ASTKGPSVEP LAPCSRSTSE STAALGCLVK DYFPEPVTVS
WNSGALTSGV HTFPAVLQSS GLYSLSSVVT VPSSSLGTKT
YTCNVDHKPS NTKVDKRVES KYGPPCPPCP APEFLGGPSV
FLFPPKPKDT LMISRTPEVT CVVVDVSQED PEVQENWYVD
GVEVHNAKTK PREEQEFNSTY RVVSVLTVLH QDWLNGKEYK
CKVSNKGLPS SIEKTISKAK GQPREPQVYT LPPSQEEMTK
NOQVSLTCLVK GFYPSDIAVE WESNGOPENN YKTTPPVLDS
DGSFEFLYSRL TVDKSRWOQEG NVEFSCSVMHE ALHNHYTQKS
LSLSLGK

Pembrolizumab Light chain sequence:
(SEQ ID NO: 37}
EIVLTQSPAT LSLSPGERAT LSCRASKGVS TSGYSYLHWY

QOKPGOAPRL LIYLASYLES GVPARFSGSG SGTDFTLTIS
SLEPEDFAVY YCQHSRDLPL TFGGGTKVEI KRTVAAPSVE
IFPPSDEQLK SGTASVVCLL NNFYPREAKV QWKVDNALQS

GNSQESVTEQ DSKDSTYSLS STLTLSKADY EKHKVYACEV.

[0144] The components of the combination therapy may
be administered substantially at the same time or sequen-
tially.

Pharmaceutical Compositions and Combinations

[0145] Any of the mhibitory agents, peptides (or nucleic
acids encoding the peptides), cells, and additional therapeu-
tic agents described herein can be incorporated into phar-
maceutical compositions. The pharmaceutical compositions
can include the individual agent (e.g., anti-LAG3 antibody
or multipeptide vaccine) or a combination of the agents
along with a pharmaceutically acceptable carrier. The first
component can include a LAG3 inhibitory agent and/or a
GAL3 1nhibitory agent. The second component can include
one or more of the HLA-A2+ or HLA-A24+ peptides (e.g.,
one or a mixture of two, three, or four of the XBP1, CD138
and/or CS1 peptides of SEQ 1D NOs: 24-277 or SEQ ID NOs:
28-31). Preferably, the second component comprises two or
more (e.g., 2, 3, or 4) of the peptides described herein (e.g.,
two or more of SEQ ID NOs 24-27 or SEQ ID NOs: 28-31)
or nanoparticles containing those peptides. Alternately, the
second component can include cells (e.g., ex vivo activated
T cells or PBMCs that are specific for XBP1, CD138 and/or
CS1 peptides). As used herein the language “pharmaceuti-
cally acceptable carrier” includes solvents, dispersion
media, coatings, antibacterial and antifungal agents, 1sotonic
and absorption delaying agents, and the like, compatible
with pharmaceutical administration. One or more peptides
or inhibitory agents can be formulated as a pharmaceutical
composition in the form of a syrup, an elixir, a suspension,
a powder, a granule, a tablet, a capsule, a lozenge, a troche,
an aqueous solution, a cream, an omntment, a lotion, a gel, an
emulsion, etc. Supplementary active compounds (e.g., one
or more chemotherapeutic agents) can also be incorporated
into the compositions.

[0146] A pharmaceutical composition 1s generally formu-
lated to be compatible with 1ts intended route of adminis-
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tration. Examples of routes of administration include oral,
rectal, and parenteral, e.g., intravenous, intra-arterial, intra-
nasal, mtraperitoneal, intramuscular, intradermal, subcuta-
neous, inhalation, transdermal, or transmucosal. In some
embodiments, the composition 1s administered instranasally.
See, e.g., Kumar S, et al. Vaccine. 2017; 35(7):1080-1086.
Solutions or suspensions used for parenteral application can
include the following components: a sterile diluent such as
water for 1njection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic sol-
vents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetet-
raacetic acid (EDTA); buflers such as acetates, citrates or
phosphates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. pH can be adjusted with acids
or bases, such as hydrochloric acid or sodium hydroxide.
The compositions can be enclosed 1n ampoules, disposable
syringes or multiple dose vials made of glass or plastic.

[0147] Pharmaceutical compositions of the present disclo-
sure¢ may be administered in a manner appropriate to the
disease to be treated (or prevented). The quantity and
frequency of administration will be determined by such
factors as the condition of the patient, and the type and
severity of the patient’s disease, although appropriate dos-
ages may be determined by clinical trials.

[0148] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile mjectable solutions or dis-
persion. For mtravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL™ (BASF, Parsippany, NJI.) or phosphate buflered
saline (PBS). In all cases, the pharmaceutical composition
must be sterile and should be flmd to the extent that easy
syringability exists. It should be stable under the conditions
of manufacture and storage and must be preserved against
any contamination by microorganisms such as bacteria and
fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (1or example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required
particle size 1n the case of dispersion and by the use of
surfactants. Prevention of contamination by microorganisms
can be achieved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascor-
bic acid, thimerosal, and the like. In many cases, 1t will be
desirable to include isotonic agents, for example, sugars,
polyalcohols such as mamitol, sorbitol, sodium chloride in
the composition. Prolonged absorption of the injectable
compositions can be facilitated by including 1n the compo-
sition an agent that delays absorption, for example, alumi-
num monostearate and gelatin.

[0149] Sterile injectable solutions can be prepared by
incorporating one or more of the mhibitory agents or pep-
tides (or one or more the nucleic acids encoding the pep-
tides) 1n the required amount 1n an appropriate solvent with
one or a combination of ingredients, as required, followed
by filtered sterilization. Generally, dispersions are prepared
by incorporating the inhibitory agents, peptide(s) (or nucleic
acid(s) encoding the peptide(s)) into a sterile vehicle which
contains a basic dispersion medium and the required other
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ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the methods of preparation can include vacuum
drying or freeze-drying which yields a powder of the active
ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

[0150] Oral compositions generally include an 1nert
diluent or an edible carrier. For the purpose of oral thera-
peutic administration, the one or more peptides can be
incorporated with excipients and used 1n the form of tablets,
troches, or capsules, e.g., gelatin capsules. Oral composi-
tions can also be prepared using a fluid carrier for use as a
mouthwash. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the
composition. The tablets, pills, capsules, troches and the like
can contain any of the following ingredients, or compounds
ol a stmilar nature: a binder such as microcrystalline cellu-
lose, gum tragacanth or gelatin; an excipient such as starch
or lactose, a disintegrating agent such as alginic acid,
Primogel, or corn starch; a lubricant such as magnesium
stearate or sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or
a flavoring agent such as peppermint, methyl salicylate, or
orange flavoring.

[0151] The powders and tablets can contain from 1% to
95% (w/w) of an 1individual peptide or a mixture of two or
more peptides. In certain embodiments, the peptide can
range from about 5% to 70% (w/w). Suitable carriers are
magnesium carbonate, magnesium stearate, talc, sugar, lac-
tose, pectin, dextrin, starch, gelatin, tragacanth, methylcel-
lulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. The term “‘preparation” 1is
intended to include the formulation of the mhibitory agent,
or peptide (or nucleic acid) with encapsulating material as a
carrier providing a capsule 1n which the inhibitory agent, or
peptide with or without other carriers, 1s surrounded by a
carrier, which 1s thus in association with 1t. Similarly,
cachets and lozenges are included. Tablets, powders, cap-
sules, pills, cachets, and lozenges can be used as solid
dosage forms suitable for oral administration.

[0152] Aqueous solutions suitable for oral use can be
prepared by dissolving the active component in water and
adding suitable colorants, flavors, stabilizers, and thickening
agents as desired. Aqueous suspensions suitable for oral use
can be made by dispersing the finely divided active com-
ponent 1n water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxym-
cthylcellulose, and other well-known suspending agents.

[0153] For administration by inhalation, the inhibitory
agent, peptides or nucleic acids can be delivered 1n the form
of an aerosol spray from pressured container or dispenser
which contains a suitable propellant, e.g., a gas such as
carbon dioxide, or a nebulizer.

[0154] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
be permeated are used 1n the formulation. Such penetrants
are generally known 1n the art, and include, for example, for
transmucosal admimstration, detergents, bile salts, and
tusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the inhibitory agents,
peptides or nucleic acids can be formulated mto ointments,
salves, gels, or creams as generally known in the art.
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[0155] The mlibitory agents, peptides or nucleic acids can
also be prepared 1n the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and
other glycerides) or retention enemas for rectal delivery.

[0156] In some embodiments, the inhibitory agents, pep-
tides or nucleic acids can be prepared with carriers that waill
protect the inhibitory agents or peptides against rapid elimi-
nation from the body, such as a controlled release formula-
tion, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be
used, such as ethylene wvinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to, e.g., APCs with monoclonal antibod-
1ies to APC-specific antigens) can also be used as pharma-
ceutically acceptable carriers. These can be prepared accord-

ing to methods known to those skilled in the art, for
example, as described in U.S. Pat. No. 4,522,811.

[0157] It can be advantageous to formulate oral or paren-
teral compositions 1 dosage unit form for ease of admin-
istration and uniformity of dosage. Dosage unit form, as
used herein, refers to physically discrete units suited as
unitary dosages for the subject to be treated; each umit
contaiming a predetermined quantity of the peptides (or
nucleic acids) calculated to produce the desired therapeutic
ellect 1 association with the required pharmaceutical car-
rier. Dosage units can also be accompamed by instructions
for use.

[0158] The nucleic acid molecules encoding the peptides
can be inserted into vectors and used as gene therapy
vectors. Gene therapy vectors can be delivered to a subject
by, for example, intravenous injection, local admainistration
(see, e.g., U.S. Pat. No. 5,328,470) or by stereotactic injec-
tion (see, e.g., Chen, et al. Proc. Natl. Acad. Sci. USA (1994 )
91: 3054-3057). The pharmaceutical preparation of the gene
therapy vector can include the gene therapy vector in an
acceptable diluent, or can comprise a slow release matrix 1n
which the gene delivery vehicle 1s imbedded. Alternatively,
where the complete gene delivery vector can be produced
intact from recombinant cells, e.g., retroviral vectors, the
pharmaceutical preparation can include one or more cells
that produce the gene delivery system.

[0159] Additional examples of gene delivery vehicles
include, but are not limited to, liposomes, biocompatible
polymers, including natural polymers and synthetic poly-
mers; lipoproteins; polypeptides; polysaccharides; lipopoly-
saccharides; artificial viral envelopes; metal particles; bac-
terta; viruses such as baculovirus, adenovirus, and
retrovirus; bacteriophage; cosmids; plasmids; fungal vectors
and other recombination vehicles typically used 1n the art
which have been described for expression i a variety of
cukaryotic and prokaryotic hosts, and may be used for gene
therapy as well as for simple protein expression.

[0160] Examples of viral vectors include retroviral vec-
tors, lentivirus vectors, adenovirus vectors, adeno-associ-
ated virus vectors, alphavirus vectors and the like. Lipo-
somes that comprise a targeting moiety such as an antibody
or fragment thereol can also be used to prepare pharmaceu-
tical compositions of nucleic acids for delivery to a subject.
Any of the pharmaceutical compositions described herein
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can be included 1n a container, pack, or dispenser together
with 1nstructions for admainistration as described below.

Administration of Multipeptide Vaccine

[0161] Generally, the multipeptide vaccine of the disclo-
sure to be delivered to the subject will be suspended in a
pharmaceutically-acceptable carrier (e.g., physiological
saline) and administered orally, rectally, or parenterally, e.g.,
injected 1ntravenously, subcutaneously, intramuscularly,
intrathecally, intraperitoneally, intrarectally, intravaginally,
intranasally, intragastrically, intratracheally, or intrapulmo-
narily. The multipeptide vaccine can be admimstered with
any adjuvant.

[0162] Administration can be by periodic mjections of a
bolus of the pharmaceutical composition or can be uninter-
rupted or continuous by intravenous or intraperitoneal
administration from a reservoir which is external (e.g., an IV
bag) or internal (e.g., a bioerodable implant, a bioartificial
organ, or a colony of implanted reagent production cells).
See, e.g., U.S. Pat. Nos. 4,407,957, 5,798,113 and 5,800,

828, each incorporated herein by reference in their entirety.

[0163] In general, the dosage of the multipeptide vaccine
(or each of the peptides 1n the vaccine) required depends on
the choice of the route of administration; the nature of the
formulation; the nature or severity of the subject’s illness;
the immune status of the subject; the subject’s size, weight,
surface area, age, and sex; other drugs being administered;
and the judgment of the attending medical professional.

[0164] In some embodiments, a multipeptide vaccine of
the disclosure can be administered to a subject at least two
(e.g., three, four, five, six, seven, eight, nine, 10, 11, 12, 13,
or 20 or more) times. For example, the multipeptide vaccine
can be administered to a subject once a month for three
months; once a week for a month; every other week, once a
year for three years, once a year for five years; once every
five years; once every ten years; or once every three years
for a lifetime.

Administration of Ex Vivo Immune Cells

[0165] The ex vivo activated immune cells (antigen-spe-
cific T cells and/or PBMCs) of the disclosure may be
delivered to a subject by any suitable delivery route, which
can include injection, infusion, moculation, direct surgical
delivery, or any combination thereof. In some embodiments,
the ex vivo activated immune cells are administered to a
human 1n the deltoid region or axillary region. For example,
the cells are admimstered into the axillary region as an
intradermal 1njection. In some embodiments, the cells are
administered intravenously.

[0166] An approprate carrier for administering the cells
may be selected by one of skill in the art by routine
techniques. For example, the pharmaceutical carrier can be
a buflered saline solution, e.g., cell culture media, and can
include DMSO for preserving cell viability.

[0167] The quantity of cells appropriate for administration
to a subject 1n need thereof to effect the methods of the
present disclosure and the most convenient route of such
administration may be based upon a variety of factors, as
may the formulation of the cells themselves. Some of these
factors include the physical characteristics of the subject
(e.g., age, weight, and sex), the physical characteristics of
the blood cancer or pre-cancerous condition, and the extent
to which other therapeutic methodologies (e.g., chemo-
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therapy or corticosteroids) are being implemented in con-
nection with an overall treatment regimen. Notwithstanding,
the variety of factors one should consider in 1implementing,
the methods of the present disclosure to treat the blood
cancer or pre-cancerous condition, a mammal can be admin-
istered with from about 10° to about 10° PBMCs (e.g., 10’
cells) 1n from about 0.05 mL to about 2 mL solution (e.g.,
saline) 1n a single administration. Additional administrations
can be carried out, depending upon the above-described and
other factors, such as the severity of the condition. In one
embodiment, from about one to about five administrations of
about 10° cells is performed at two-week intervals.

[0168] In some aspects, the disclosure includes combina-
tions of the therapeutic agents described herein. For
instance, the disclosure contemplates a “combination™ of a
LLAG3 and/or GAL3 ihibitory agent, and means for target-
ing HLA-A2+ or HLA-A24+ pre-cancerous or cancerous
cells that express one or more of XBP1, CS1, and CD138.
Such means for targeting include a multipeptide vaccine
and/or ex vivo activated immune cells specific for 1, 2, 3, or
4 of the HLA-A2+ or the HLA-A24+ peptides disclosed
herein. In some cases, the combination includes means for
specifically binding human LAG3 and/or means for specifi-
cally binding human GAL3, and anti-myeloma-specific T
lymphocytes or PBMCs targeting XBP1, CD138 and CS1-
expressing cells from SMM, MGUS, or MM patients.
[0169] In some embodiments, the term ‘“combination”
implies administration of these therapeutic agents 1 a
sequential manner, wherein each therapeutic agent 1s admin-
1stered at a different time, as well as administration of these
therapeutic agents, or at least two of the therapeutic agents
concurrently, or 1n a substantially simultaneous manner.
Simultancous administration can be accomplished, for
example, by administering to the subject a single capsule
having a fixed ratio of each therapeutic agent or 1n multiple,
single capsules for each of the therapeutic agents. Sequen-
tial, or substantially simultaneous admimstration of each
therapeutic agent can be eflected by any appropnate route
including, but not limited to, oral routes, intravenous routes,
intramuscular routes, and direct absorption through mucous
membrane tissues. The therapeutic agents can be adminis-
tered by the same route or by different routes. For example,
a first therapeutic agent of the combination selected may be
administered by intravenous injection while the other thera-
peutic agents of the combination may be administered orally.
Alternatively, for example, all therapeutic agents may be
administered orally or all therapeutic agents may be admin-
istered by intravenous injection. Therapeutic agents may
also be administered 1n alternation. In one example, where
the combination therapy involves admimistering an anti-
LAG3/GAL3 mhibitory agent with a multipeptide vaccine
as well ex vivo activated immune cells of this disclosure, the
inhibitory agent may be administered orally, the multipep-
tide vaccine may be administered subcutaneously, and the
immune cells may be admimstered intravenously.

Kits

[0170] A kit comprising (a) a first composition comprising
at least three of a non-spliced XBP1 peptide, a spliced XBP1
peptide, a CD138 peptide and a CS-1 peptide (and/or ex vivo
activated T cells specific to one or more (1, 2, 3, 4) of a
non-spliced XBP1 peptide, a spliced XBP1 peptide, a
CD138 peptide and a CS-1 peptide), (b) a second compo-
sition comprising an anti-LAG3 antibody and/or an anti-
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GAL3 antibody, and optionally, (¢) instructions for admin-
istering the first and second compositions to a subject. In
some cases, the kit can also comprise one or more of an
ant1-OX40 antibody or OX40-binding fragment thereof, an
ant1-PD-1 antibody or PD-1-binding fragment thereof, an
ant1-PD-L-1 antibody or PD-1-binding fragment thereot, or
an anti-GITR antibody or GITR-binding fragment thereof,

[0171] The disclosure also features a variety of kits. The
kits can include two compositions. The first composition can
include e.g., one or more (e.g., one, two, three, or four) of

any of the HLA-A2+ or HLAA24+ peptides (or expression

vectors containing nucleic acid sequences encoding one or
more peptides) described herein. The second composition

can include e.g., a LAG3 and/or GAL3 inhibitory agent. The

kits can further include istructions for administering the
first and second compositions to the subject. The kits can
include one or more pharmaceutically acceptable carriers
and/or one or more immune stimulating agents. The immune
stimulating agents can be, e.g., an adjuvant. The kits can also
contain one or more additional therapeutic agents, including
but not limited to: an anti-PD1 antibody (e.g., Pembroli-
zumab, Nivolumab, or Dostarlimab), an anti-PD-L1 anti-
body (e.g., Durvalumab), an ant1-CD38 antibody (e.g., Dara-
tumumab or Isatuximab), an anti-SLAMEF/ antibody (e.g.,
Elotuzumab), an anti-CTLA4 antibody (e.g., Ipilimumab or

Tremelimumab), an anti-TIM3 antibody (e.g., Cobolimab),

an ant1-VISTA antibody (e.g., SG7 or W0180), an ant1-OX-
40 antibody (e.g., PF-04518600, or IBI101), and an anti-
GITR antibody (e.g., BMS-986156); an immunomodulatory
drug (e.g., lenalidomide, pomalidomide, or thalidomide; an
HDAC mhibitor (e.g., citarinostat or panobinostat); a anti-
neoplastic agent (e.g., cyclophosphamide, etoposide, oxo-
rubicin, liposomal doxorubicin, melphalan, melphalan
flufenamide, and bendamustine; a proteasome inhibitor
(e.g., bortezomib, carfilzomib, and 1xazomib), an antibody-
drug conjugate (e.g., belantamab matodotin-blm{; a nuclear
export mhibitor (e.g., selinexor); a corticosteroid (e.g., dex-
amethasone or prednisone).

[0172] In some embodiments, the kits can contain one or
more of any of the anti-LAG3 or anti-GAL3 antibodies
described herein. In some embodiments, the kits can include
two antibodies, each specific for a different protein. For
example, a kit can contain one LAG3-specific antibody
(described herein) and one GAL3-specific antibody (de-
scribed herein). The kits can optionally include instructions
for assaying a biological sample for the presence or amount
of one or more of LAG3 and/or GAL3 proteins. Also
featured are articles of manufacture that include: a container;
and a composition contained within the container, wherein
the composition comprises an active ingredient for inducing
an 1mmune response 1 a mammal (e.g., a human), wherein
the active ingredient comprises one or more (e.g., two, three,
or four) of any of the peptides described herein, and wherein
the container has a label indicating that the composition 1s
for use 1 1mnducing an immune response 1n a mammal (e.g.,
any of the mammals described herein). The label can further
indicate that the composition 1s to be administered to a
mammal having, suspected of having, or at risk of devel-
oping, multiple myeloma. The composition of the article of
manufacture can be dried or lyophilized and can include,
¢.g., one or more solutions (and/or instructions) for solubi-
lizing a dried or lyophilized composition.
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[0173] The articles of manufacture can also 1nclude
instructions for administering the composition to the mam-
mal.

Methods of Treatment

[0174] The disclosure features a variety of methods for
treating a cancer (e.g., blood cancer such as MM, leukemua,
or NHL, or Waldenstrom’s macroglobulinemia, or any other
blood cancer expressing XBP1, CD138 and/or CS1 1n a
subject); and/or a pre-cancerous blood condition (e.g., smol-
dering multiple myeloma (SMM) or monoclonal gammopa-
thy of undermined significance (MGUS)) using the combi-
nations, compositions, pharmaceutical compositions, and
kits described herein. A human subject at risk of developing
blood cancer 1s said to have a “pre-cancerous blood condi-
tion”. In some embodiments, the disclosure also provides
methods for preventing the development of blood cancer
(e.g., MM) from a pre-cancerous condition (e.g., SMM or
MGUS), 1.e., the treated subject does not develop a climically
observable level of the blood cancer at all (e.g., the subject
does not exhibit one or more symptoms of MM or the
subject does not develop a detectable level of MM). In other
embodiments, the disclosure provides methods for increas-
ing T lymphocyte responses 1n a tumor microenvironment
while reducing immunosuppression 1 a human subject.
[0175] As used herein, the term “‘treat” *‘treatment,” or
“treating” a subject having blood cancer or a pre-cancerous
condition, are used in connection with a given treatment for
a given disorder, wherein at least one symptom of the
disorder 1s alleviated, or ameliorated. The treatment may
inhibit deterioration or worsening ol a symptom of the
disclosed conditions (e.g., MM, leukemia, or NHL) or may
cause the condition to develop more slowly and/or to a lesser
degree (e.g., fewer symptoms or lower numbers of cancer
cells 1 the subject) 1n the subject than it would have absent
the treatment. For example, a treatment will be said to have
“treated” the condition if 1t 1s given during the condition,
¢.g., during an early diagnosis of a cancer (e.g., early MM),
(e.g., the detection of a few cancer cells 1n a sample from the
subject), or during the stage of the pre-cancerous condition
(e.g., MGUS or SMM) that would have been expected to
produce a given manifestation of the condition (e.g., pro-
gressive multiple myeloma), and results in the subject’s
experiencing fewer and/or milder symptoms of the condition
than otherwise expected. A treatment can “treat” a cancer
(e.g., MM, leukemia, NHL, or Waldenstrom’s macroglobu-
linemia) when the subject displays only mild overt symp-
toms of the blood cancer.

[0176] In some embodiments, the methods disclosed
herein extend the progression-iree survival (PFS), objective
response rate (ORR), and/or overall survival (OS) of a
patient with a blood cancer (e.g., multiple myeloma). In
some embodiments of the compositions or methods for use
herein extend the time to next treatment (T'INT) for a
patient.

[0177] Insome embodiments of the compositions or meth-
ods for use herein increase the chance of achieving a
negative minimal residual disease (MRD). Minimal residual
disease (MRD) in multiple myeloma 1s an independent
predictor of progression-iree survival (PFS) and can be used
as a trial endpoint to improve the 1dentification of eflective
treatments 1n multiple myeloma. Monitoring minimal
residual disease (MRD) 1n patients with multiple myeloma
thus provides prognostic value in predicting PFS and OS and
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making treatment decisions. The detection of minimal
residual disease (MRD) i myeloma can use a 0.01%
threshold (10+) after treatment, i1.e., having 10+ cells or
tewer 1s considered MRD-negative, and having 10+ cells or
higher MRD-positive. Rawstron et al, Blood. 2015; 125(12):
1932-1935 (2015). Methods for measuring MRD include
polymerase chain reaction (PCR) and multiparameter flow
cytometry (MPF). Assays for MRD, e.g., based on clonotype
proflle measurement are also described in U.S. Pat. No.
8,628,927, to Faham et al., which 1s incorporated herein by
reference.

[0178] In some embodiments, the LAG3 and/or GAL3

inhibitory agent 1s administered to a subject (e.g. a subject
with MM) as a monotherapy. In other embodiments, the
LAG3 and/or GAL3 inhibitory agent 1s administered to a
subject (e.g. a subject with MM) 1n combination with a
multipeptide vaccine that includes the HLA-A2+ or HLA-
A24+ peptides of this disclosure. In some embodiments, the
LAG3 and/or GAL3 inhibitory agent 1s administered to a
subject (e.g. a subject with MM) 1n combination with ex
vivo activated T cells and/or APCs specific to the HLA-A2+
or HLA-A24+ peptides of this disclosure. In some embodi-
ments of the above combination therapies, the treatment
includes administering both the multipeptide vaccine and the
ex vivo activated T cells and/or APCs multiple times to the
subject over the course of treatment and 1n any order. For
instance, a patient may be administered a multipeptide
vaccine of this disclosure concurrently with the a LAG3
and/or GAL3 inlibitory agent, followed by administration
of cells generated by any of the ex vivo immunotherapy
approaches of this disclosure, followed by repeated admin-
istration of each of the therapy components (multipeptide
vaccine, LAG3 and/or GAL3 ihibitory agent, ex vivo
activated immune cells) at periodic intervals over the course
of treatment (e.g., every few days or weeks).

[0179] Insome embodiments of any of the above methods,
the anti-LAG3 mhibitory agent 1s an anti-LAG3 antibody,
¢.g., Relatlimab; and the anti-GAL3 mhibitory agent TD139.
In some embodiments of any of the above methods, the
ant1-LAG3 ihibitory agent 1s an anti-LAG3 antibody, e.g.,
Relatlimab; and the anti-GAL3 inhibitory agent 1s an anti-
GAL3 antibody. In some embodiments of any of the above
methods, the subject can concurrently be administered an
additional therapeutic agent. For instance, the subject may
be administered an anti-GAL3 or anti-LAG3 antibody in
combination with the multiple vaccine and ex vivo activated
immune cells of this disclosure, further in combination with
a checkpoint inhibitor (e.g., an anti-PD1 antibody like
Pembrolizumab, Nivolumab, or Dostarlimab) and/or an
immune agonist (ant1-OX40 antibody like PF-04518600, or
IBI101 or anti-GITR antibody like BMS-986156), still fur-
ther 1n combination with an immunomodulatory drug (e.g.,
lenalidomide). Moreover, the subject may be concurrently
undergoing traditional therapy for a condition of this dis-
closure (e.g., MM), or may have already received chemo-
therapy, radiation, corticosteroid treatment and/or continu-
ous checkpoint ihibitor therapy for the condition, or
treatment with an agent including, but not limited to, a
therapeutic antibody, an immunomodulatory drug, a histone
deacetylase (HDAC) inhibitor, an antineoplastic agent, a
proteasome inhibitor, an antibody-drug conjugate, a nuclear
export inhibitor and a corticosteroid. The therapeutic anti-
body that can be used as an additional treatment includes,
but 1s not limited to, an anti-PD-L1 antibody (e.g., Dur-
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valumab), an anti-CD38 antibody (e.g., Daratumumab or
Isatuximab), an anti-SLAMEF7 antibody (e.g., Elotuzumab),
an anti-CTLA4 antibody (e.g., Ipilimumab or Tremelim-
umab), an anti-TIM3 antibody (e.g., Cobolimab), or an
ant1-VISTA antibody (e.g., SG7 or W0180). The immuno-
modulatory drug that can be used as an additional treatment
includes, but 1s not limited to pomalidomide, or thalidomide.
The HDAC inlibitor that can be used as an additional
treatment includes, but 1s not limited to, citarinostat or
panobinostat. The antineoplastic agent that can be used as an
additional treatment includes, but 1s not limited to, cyclo-
phosphamide, etoposide, oxorubicin, liposomal doxorubi-
cin, melphalan, melphalan flufenamide, and bendamustine.
The proteasome inhibitor that can be used as an additional
treatment 1ncludes, but 1s not limited to, bortezomib, carfil-
zomib, and 1xazomib. The antibody-drug conjugate that can
be used as an additional treatment includes, but 1s not limited
to, belantamab mafodotin-blmi. The nuclear export inhibitor
that can be used as an additional treatment includes, but 1s
not limited to, selinexor. The corticosteroid that can be used
as an additional treatment includes, but 1s not limited to,
dexamethasone or prednisone.

[0180] In embodiments where the method increases T
lymphocyte responses 1n a tumor microenvironment while
reducing immunosuppression in a human subject, the sub-
ject may be administered LAG3 and/or GAL3 inhibitory
agents 1n combination with one or more agents, (e.g., an
ant1-PD1 antibody, an anti-OX40 antibody, an anti-GITR
antibody, etc.). An increase 1 ““I lyvmphocyte responses”
may be an increase in features/phenomenon including but
not lmmited to: T cell proliferation, anti-MM activity of
cllector T cells, expression of activating costimulatory mol-
ecules on T cells etc. The method may also “reduce 1mmu-
nosuppression’, 1.¢., reduce immune suppressor cells and/or
regulatory T cells, block inhibitory molecules on suppres-
sive/regulatory and cancer cells; minimize induction of
immune suppressor cells including CD4+ regulatory T cells
(Treg); etc.

[0181] As defined herein, a “therapeutically eflective
amount” of an inhibitory agent, peptide, cell, or additional
therapeutic agent 1s an amount of the agent that 1s capable of
producing an immune response 1n a treated subject, and/or
an amount that reduces a clinical feature of the disease (e.g.,
neoplastic proliferation of plasma cells), and/or an amount
that reduces a symptom of a condition of the disclosure. A
therapeutically eflective amount of an nhibitory agent,
peptide, or additional therapeutic agent of this disclosure
(1.e., an ellective dosage) includes milligram, microgram,
nanogram, or picogram amounts of the agent per kilogram
of subject or sample weight (e.g., about 1 nanogram per
kilogram to about 500 micrograms per kilogram, about 1
microgram per kilogram to about 500 milligrams per kilo-
gram, about 100 micrograms per kilogram to about 5 mil-
ligrams per kilogram, or about 1 microgram per kilogram to
about 50 micrograms per kilogram).

EXAMPLES

[0182] The practice of the methods and compositions of
the disclosure employs, unless otherwise indicated, conven-
tional techniques of molecular biology (including recombi-
nant techniques), cell culture, immunology, cell biology, and
biochemistry, which are well within the purview of the
skilled artisan. Such techniques are explained in the litera-
ture, such as, “Molecular Cloning: A Laboratory Manual”,
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second edition (Sambrook, 1989); “Oligonucleotide Synthe-
s1s” (Gait, 1984); “Amimal Cell Culture” (Freshney, 1987);
“Methods 1n Enzymology” “Handbook of Experimental
Immunology” (Weir, 1996); “Gene Transfer Vectors for
Mammalian Cells” (Miller and Calos, 1987); “Current Pro-
tocols 1n Molecular Biology™ (Ausubel, 1987); “PCR: The
Polymerase Chain Reaction”, (Mullis, 1994); “Current Pro-
tocols 1n Immunology” (Coligan, 1991). These techniques
are applicable to the methods and compositions of the
disclosure. Particularly useful techniques for particular
embodiments will be discussed 1n the sections that follow.
The matenals, reagents, and methods, further described
below, are used 1n the following examples. The mvention, as
described 1n the following examples, do not limit the scope
of the invention described in the claims.

Maternials & Methods

Cell Lines and Preparation of Tumor Cell Lysates or
Irradiated Whole Tumor Cells

[0183] Multiple myeloma (MM) cell lines U266, McCAR,
HSB2, MMIS, RPMI8226, OPM2, H929, ANBLS6,
OCIMY5, AMO1 and KMS11 were obtained from ATCC
(Manassas, VA). The T2 cell line, a human B and T cell
hybrid expressing HLLA-A2 molecules, was provided by Dir.
J. Molldrem (University of Texas M. D. Anderson Cancer
Center, Houston, TX). The cell lines were cultured in
DMEM media supplemented with 10% fetal calf serum
(FCS; BioWhittaker, Walkersville, MD), 100 IU/ml penicil-
lin, and 100 ng/ml streptomycin (Gibco-Life Technologies,
Rockville, MD). A mixture of ten MM cell lines was utilized
to prepare tumor cell lysates by repeated (10x) cycles of
freeze (-140° C.)/thaw (37° C.) or prepared as 1rradiated (20
Gvy) whole tumor cells as sources of MM antigen stimula-
tion.

Reagents

[0184] Fluorochrome conjugated anti-human monoclonal
antibodies (mAb) specific to CD3, CD4, CD8, CDl1b,

CDl11b, CD14, CD15, CD25, CD28, CD33, CD38, CD69,
CD138, FOXP3, HLA-DR, PDI1, PD-L1, PD-L2, CTLAA4,
LAG3, TIM3, VISTA, ICOS, 0OX40, GITR, GAL-3, GAL-9,
ICOS-L, HLA-DP/DQ/DR, CCR7, CD45R0O, CD69,
CD107a or IFN-y were purchased from Becton Dickinson
(BD) (San Diego, CA), LifeSpan Bioscience (Seattle, WA),
BioLegend (San Diego, CA) or eBioscience (San Diego,
CA). Live/Dead Aqua fixable cell stain kit was purchased
from Molecular Probes (Grand Island, NY). Recombinant
human GM-CSF was obtained from Immunex (Seattle,
WA), and human IL-2, IL-4, IFN-c. and TNF-o were pur-
chased from R&D Systems (Minneapolis, MN). Clinical
grade checkpoint inhibitors (anti-PD1 antibody Nivolumab
and anti-LAG3 antibody Relatlimab) or immune agonists
(ant1-OX40, anti-GITR) were provided by Bristol-Myers
Squibb (New York, NY). Anti-GAL3 antibody was pur-
chased from BD (Clone B2C10; Cat Nos.: 565676-365678,
and 565682)

Bone Marrow (BM) or Peripheral Blood (PB) Samples from
MGUS, SMM or MM Patients or Healthy Donors

[0185] BM aspirates and peripheral blood (PB) samples
were obtained from patients with MGUS [BM: N=3, PB:
N=5] and SMM [BM: N=3, PB: N=5] and patients with MM
(Newly Diagnosed [BM: N=15, PB: N=10], Relapsed [BM:
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N=12, PB: N=12], Relapsed/Refractory [BM: N=15, PB:
N=12]) after mformed consent, in accordance with the
Declaration of Helsinki, and with approval by the Institu-
tional Review Board at Dana-Farber Cancer Institute (Bos-
ton, MA). In addition, healthy individuals BM [N=5] or
leukapheresis [N=5] products were purchased from either
AllCells (Alameda, CA) or the Blood Donor Center at
Boston Children’s Hospital (Boston, MA), respectively.
Mononuclear cells were 1solated from BM (BMMC) or PB
(PBMC) by standard density gradient centrifugation using
Ficoll-Paque™ Plus (Amersham Pharmacia Biotech AB,

Uppsala Sweden) and used in these studies.

Phenotypic Characterization of Immune and Regulatory
Cell Subsets and Expression of Checkpoints or
Costimulatory Molecules

[0186] BMMC or PBMC from patients with MGUS,
SMM, MM or healthy individuals were evaluated by flow
cytometry analyses by staining cells with fluorochrome-
conjugated mAb specific to each cell surface antigen for 30
minutes at room temperature, followed by LIVE/DEAD
reagent staining to confirm wviability. Regulatory T cells
(Treg) were 1dentified by cell surface staining (CD3, CD4,
CDg, CD25), permeabilized using Foxp3/Transcription Fac-
tor Staining Bufler Set (eBioscience) and stained for intra-

cellular FOXP3 expression. Myeloid-derived-suppressor
cells (MDSC) were 1dentified as G-type MDSC (CD11b+

CD33+ HLA-DRlow/-CD14-CD15+) and M-type MDSC
(CD11b+CD33+ HLA-DRlow/-CD14+CD15-). Cells were
acquired using a BD Fortessa X-20 (BD Biosciences) tlow
cytometer, and the data was analyzed using DIVA™ v8.0
(BD) or Flowlo v10.0.7 ('Iree star, Ashland, OR) software.

Generation of MM-Specific CTL Ex Vivo with Immuno-
genic XBP1 CD138 CSI Peptides

[0187] XBP1/CD138/CS1-specific C1L were generated
ex vivo after four cycles of weekly stimulation of HLA-A2"
CD3™ T lymphocytes (N=5) with a cocktail of four peptides
containing heteroclitic XBP1 US4, o, (YISPWILAV (SEQ
ID NO: 24)), heteroclitic XBP1 SP,., ;.. (YLFPQLISV
(SEQ ID NO: 25)), native CDI138,.,.,6zs (GLVGLIFAV
(SEQ ID NO: 26)) and native CS1,55.,,- (SLFVLGLFL
(SEQ ID NO: 27)), as described previously.

Cell Proliferation by Carboxy Fluorescein Succinimidyl
Ester (CFSE) Tracking

[0188] Proliferation of specific cell populations was evalu-

ated using CFSE-based proliferation assays. In brief, MM
patient BMMC, PBMC or XBP1/CD138/CS1-specific CTL

were labeled with CFSE (Molecular Probes, Eugene, OR
and incubated with climical grade checkpoint inhibitor (1
ug/ml) or immune agonist (1 png/ml) 1n the presence of low
dose (20 units) IL-2, with or without stimulation with
irradiated MM cells (patients’ cells, cell line) or MM lysates.
After 4-7 days incubation, the cells were stained with
LIVE/DEAD reagent and specific fluorochrome conjugated
mAbs, washed, fixed 1n 2% paraformaldehyde, and acquired
using a LSRII Fortessa™ flow cytometer.

XBP1 CDI138 CSI-Specific CTL Functional Activities
Measured by CD107a Degranulation and Intracellular IFN-y
Production

[0189] The anti-tumor activities of MM-specific CTL
were measured by CD107a degranulation and IFN-y pro-
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duction against MM. In brief, XBP1/CD138/CS1-specific
CTL were treated with climical grade anti-PD1 or anti-LAG3
(1 ng/ml) for 24 hours. The cells were then cultured with
U266 MM cells 1n the presence of CD107a mAb. After
1-hour incubation, Brefeldin A (BD) and Monensin (BD)
were added, and cultures were incubated for an additional 5
hours. Cells were harvested, washed 1n PBS, stained with
LIVE/DEAD reagent, washed, incubated with fluorochrome
conjugated mAb to 1dentify T cells, allowing for assays of
their functional activity against MM. After surface staining,
cells were fixed/permeabilized, stained for Thl cytokines,
washed with Perm/Wash solution (BD), and analyzed by
flow cytometry. MP-CTL specific CD107a degranulation
and Thl cytokine production were analyzed using DIVA™
v8.0 or FlowJo v10.0.7 software.

Statistical Analysis

[0190] Results are presented as meanxSE. Groups were
compared using an unpaired Student’s t-test. Diflerences
were considered significant when p<<0.05.

Example 1. Impact of Immune Modulator
Treatment on Proliferation of MM Patient T Cells
Expressing Checkpoint or Costimulatory Molecules

[0191] Proliferation 1n response to low dose IL-2 1n spe-
cific T cell subsets in bone marrow mononuclear cells
(BMMC) or Peripheral Blood Mononuclear Cells (PBMC)
from patients with newly diagnosed, relapsed or relapsed/
refractory MM was evaluated using Carboxy Fluorescein
Succinimidyl Ester (CFSE)-based assays. Proliferation of
CD3" T cells expressing PD1, LAG3, OX40 or GITR was
significantly (*p<0.05) higher as compared to total CD3™ T
cells m MM patient BMMC. In BMMC from patients
(N=10) with newly diagnosed, relapsed or relapsed/refrac-
tory MM, T cell subsets expressing the LAG3 immune
checkpoint demonstrated the highest (*p<t0.05) proliferation
(FIG. 1A; Histograms, Bar graph). Next, the impact of
clinical grade immune modulators on T cell proliferation
within BMMC from patients with newly diagnosed, relapsed
or relapsed/refractory MM (N=10) was assessed. Overall,
CD3* T cell proliferation was triggered by treatment with
cach clinical grade antibody (PD-1, LAG3, OX40, GITR)
compared to untreated control (FIG. 1B). Of note, a signifi-
cant 1ncrease (*p<0.03) 1 proliferation of CD4+ Th cells
was 1induced by treatment with anti-PD1 or anti-LAG3; and
increased (*p<t0.05) proliferation of CD8+ Ic cells after
treatment with anti-LAG3 or ant1i-OX40. The highest pro-
liferation 1n both CD4+ Th cells and CD8+ Ic cells was
induced by anti-LAG3 treatment (FIG. 1B; Histograms, Bar
graphs). Next, MM patient T cell proliferation in response to
tumor lysates from ten different MM cell lines, in the
presence or absence of immune modulator, was examined.
As shown 1 FIG. 1C, PBMC from patients with newly
diagnosed (N=6) or relapsed (N=3) MM treated with anti-
[LAG?3 had significantly (*p<0.05) higher T cell proliferation
than with the other clinical grade immune modulators anti-
PD1, ant1-OX40, anti-GITR, either in the presence or
absence of MM lysate stimulation. In addition, BMMC from
MM patients (N=3) treated with anti-LAG3 had signifi-
cantly higher (*p<0.05) T cell proliferation than with the
other clinical grade immune modulators, upon stimulation
with the mixture of ten different MM cell lines, either as
irradiated whole cells or tumor lysates (FIG. 9). The tumor
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lysates induced a greater T cell response 1n MM patients’
BMMC (N=5) than irradiated whole tumor cells, which was

enhanced to a greater extent by checkpoint inhibitors (anti-
LAG3>ant1-PD1) than by immune agonists (anti-OX40,
anti-GITR) (FIG. 9).

[0192] Taken together, these data indicate the therapeutic
potential of LAG3 blockade to effectively augment T cell
proliferation directed against MM.

Example 2. Decreased Effector CD4+ Th Cells,
Increased Regulatory and Immune Suppressor
Cells, and Upregulation of Immune Checkpoints 1n

Active MM Patients Compared to MGUS/SMM
Patients or Healthy Donors

[0193] Immune eflfector, regulatory/suppressor, and tumor
cells were evaluated for expression of key immune check-

points using ireshly isolated BMMC and PBMC from
patients with MGUS, SMM or MM, as well as normal
healthy individuals. Compared to MGUS/SMM patients or
healthy 1ndividuals, MM patients’ (newly diagnosed,
relapsed, relapsed/refractory) BMMC and PBMC had sig-
nificantly (*p<0.05) decreased CD4™ Th, but not CD8+ Tc
cells (data not shown); as well as increased CD4™ Treg
(CD3"CD4%/FOXP37CD25%) (FIG. 2A). Of note, PD-1 was
more highly expressed on CD4" Treg within BMMC from
MM patients than patients with MGUS/SMM or healthy
individuals and demonstrated higher expression of PD-1
than LAG3 or GITR (FIG. 2B). Next, G-type Myeloid-
derived suppressor cells (IMDSC) (CD11b"CD33 "HLA-DR-
‘lew= CDI14~ CD15%), but not M-type MDSC (CD11b*
CD33* HLA-DR~CD14* CD157), were shown to be
significantly (*p<0.03) increased in BMMC of MM patients
(highest 1n relapsed/refractory MM) compared to MGUS/
SMM patients or healthy donors (FIG. 3A). Moreover,
G-type MDSC mm BMMC and PBMC of MM patients
expressed significantly higher levels of PD-L1 than PD-L2
or LAG3 (FIG. 3B). Fially, CD138 MM cells (newly
diagnosed, relapsed, relapsed/refractory) were shown to
have significantly (*p<t0.05) higher expression of PD-L1,
but not PD-L2, than healthy donors (FIG. 3C). In addition,
CD4™ Th cells and CD8" Tc cells in MM patients had
significantly higher PD1 expression compared to MGUS/
SMM patients or healthy individuals (data not shown).

[0194] Taken together, these data indicate the heterogene-
ity 1n the proportion of immune cell subsets among patients
with MGUS, SMM or MM, and healthy individuals:
decreased ellector cells, increased Treg and G-type MDSC,
as well as upregulation of immune checkpoints on eflector,
regulatory, and CD138% MM cells, are observed in MM
patients compared to patients with MGUS or SMM or
healthy individuals.

Example 3. Higher Intracellular than Surface
Expression of Immune Checkpoints in MM Patient
Bone Marrow

[0195] To better understand potential mechamisms of
resistance to checkpoint inhibitor therapy in MM, the dis-
tribution and localization (cell surface vs. intracellular) of
key immune checkpoints in BMMC from MM patients
(N=9) were examined. CD3™ T cells were found to express
PD1 and LAG3 more highly than CTLA4 and TIM3, with
significantly (*p<t0.05) greater intracellular CTLA4, PDI1
and LAG3 expression than cell surface levels (FIG. 4A;
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Histograms, Bar graph). In contrast, surface and intracellular
expression levels of TIM3 were found to be similar. On the
CD138 MM cells, GAL-9 and ICOS-L. were found to be
expressed more highly than PD-L1 and PD-L2; with higher
intracellular than cell surface expression of PD-L1, PD-L2,
GAL-9 and ICOS-L (FIG. 4B; Histograms, Bar graph).
[0196] Taken together, these data provide support for an
extended treatment protocol with checkpoint inhibitors to
overcome the high intracellular reservoir of immune check-
points, and thereby overcome immunosuppression and
improve outcomes 1 MM.

Example 4. Induction of Another Checkpoint
Expression and Treg Triggered by Treatment with
Checkpoint Inhibitor or Immune Agonist

[0197] To further elucidate potential mechamisms of resis-
tance to checkpoint inhibitor or immune agonist therapy in
MM patients, the eflects of clinical grade modulators on
cllector and regulatory T cell subsets 1n tumor microenvi-

ronment were evaluated. Importantly, treatment of MM
patients’ (N=10) BMMCs with the specific mAb targeting

PD1, LAG3, OX40 or GITR were found to induce upregu-
lation of PD1 and LAG3 expression on T cells (FIG. 5A;
Histograms, Bar graph). Of note, ant1-PD1 triggered prolii-
eration of T cells expressing an alternative immune check-
point to a greater extent than anti-LAG3 treatment. More-
over, checkpoint inhibitor or immune agonist treatment of
MM patients’ (N=35) BMMCs were found to increase Treg
proliferation, with a significantly (*p<0.05) high induction
by anti-PD1 or ant1-OX40 and the lowest induction by
ant1-LAG3 (FIG. SB; Histograms, Bar graph).

[0198] The impact of single agent or combination modu-
lator treatment on Treg expansion in the MM microenvi-
ronment were also investigated (FI1G. 5C). Treatment of MM
patients’ (N=3; relapsed/refractory) BMMC with single
agent ant1-PD1, anti-OX40 or anti-GITR triggered a signifi-
cant (*p<0.05) expansion of Treg cells. Treg cell prolifera-
tion was found to be decreased upon combination treatment
with checkpoint inhibitors, which was not detected 1n com-
bination treatment with immune agonists. Further, among
various combination treatments evaluated, the lowest level
of Treg proliferation was noted with anti-PD1 plus anti-

LAG3.

[0199] Taken together, these results indicate a potential
mechanism of immune resistance to checkpoint therapy
whereby treatment with a checkpoint inhibitor nduces
immune suppressive cells and expression of an alternative
checkpoint in MM patients BMMC, suggesting the need for
combination modulator treatment to overcome resistance to
single agent immunotherapy approaches.

Example 5. Increased Functional Anti-MM Activity
of XBP1/CD138/CS1-Specific CTL Treated with
Ant1-LAG3

[0200] The functional significance of immune modulator
therapy was evaluated by examining 1ts impact on anti-
tumor activity of MM-specific CTL generated with HLA-A2
XBP1/CD138/CS1 peptides including heteroclitic XBP1
US, 410, (YISPWILAV; SEQ ID NO: 24), heteroclitic
XBP1 SP,.- ;- (YLFPQLISV; SEQ ID NO: 23), native
CD138, .-« (GL VGLIFAV; SEQ ID NO: 26), and native
CS1,:6.,4- (SLEFEVLGLFL; SEQ ID NO: 27), as described

previously. See, e.g., Bae I, et al.,. Leukemia 2011(1); 25:
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1610-1619; Bae I, et al. Br J Haematol 2011(2); 153:
349-361; Bae 1, et al. Br J Haematol 2012; 157: 687-701;
Bae J, et al. Clin Cancer Res 2012; 18: 4850-4860. Pheno-
typic analyses after four cycles of weekly stimulation with
peptides was Tfound to demonstrate time-dependent
increased expression of CD69 activation marker and
CTLA4, PD1, LAG3 and VISTA immune checkpoints on
XBP1/CD138/CS1-specific CTIL (N=5) (FIG. 6A).
response to stimulation with HLA-A2 matched MM cells
(U266), the central memory CD8™ T cell subset was found
to display the highest proliferation (48%). Importantly, the
XBP1/CD138/CS1-CTL treated with clinical grade anti-
LAG3 or ant1-PD1 antibodies was found to significantly
increase proliferation (a-LAG3>a-PD-1) (*p<0.05) of total
CD8" T cells as well as Central Memory (CM), Effector
Memory (EM), CD28™ and CD38" CTL subsets (FIG. 6B;
Histograms, Bar graph [N=3]). The treatment with each
checkpoint inhibitor was also found to increase anti-tumor
activities of XBP1/CD138/CS1-CTL against MM cells, evi-
denced by increased CD107a degranulation and IFN-y pro-
duction, with the highest anti-tumor activities induced by
ant1-LAG3 treatment (FIG. 6C).

[0201] Taken together, these results further support the
ability of LAG3 blockade to augment anti-MM 1mmune
responses including antigen-specific memory CTL, their
cytotoxic activities, and Thl cytokine production against
tumors.

Example 6. Surface and Intracellular Expression of
LAG3 Ligands, GAL-3 and HLA-DP/DQ/DR, 1n

CD138+ Cells in MM Patient BMMC, and

Induction of Specific CD8+ Ic Proliferation by
Blocking GAL-3

[0202] Having shown the functional significance of the
LAG3 immune checkpoint in MM, LAG3 ligands GAL-3

and HLA-DP/DQ/DR were next assessed. The expression
and role of each of the LAG3 ligands was analyzed in
BMMC from MM patients (N=4; newly diagnosed,
relapsed, relapsed refractory). CD138+MM cells were found
to express both GAL-3 and HLA-DP/DQ/DR, with greater
expression seen by higher median fluorescence intensity
(MFI) mtracellularly than on the cell surface (FIG. 7A).
Next, the functional significance of GAL-3 and HLA-DP/
DQ/DR blockade in MM was examined. Treatment of newly
diagnosed MM patient BMMC with anti-GAL-3 antibodies,
but not with anti-HLA-DP/DQ/DR antibodies, was found to
induce proliferation of T cells, including CD8+1c cells
(45%: Patient #1, 38%: Patient #2) and CD4+Th cells (13%:
Patient #1, 9%: Patient #2) (FI1G. 7B). Additional analyses of
BMMC from MM patients (newly diagnosed, relapsed,
relapsed/refractory; N=5) showed a significant (*p<t0.05)
increase in proliferation of CD8+Tc and CD4+Th cells
(CD8+>CD4+) triggered by GAL-3 blockade (FIG. 7C).

[0203] Taken together, these results indicate the potential
benefit of GAL-3 blockade in MM patients to induce T
cells-specific responses with a high level of CD8+ T cells
proliferation.

Example 7. Induction of MM-Specific CD8+ T Cell
Proliferation and Anti-Tumor Activities by
Blocking GAL-3 on MM Cells

[0204] Finally, the impact of mnhibiting LAG3-ligand on
MM-specific CTL activities was examined. First, GAL-3
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and HLA-DP/DQ/DR expression was evaluated in MM cell
lines (MMI1S, OPM2, RPMI8226, H929, U266, AMOI1).
Overall, a higher HLA-DP/DQ/DR surface and intracellular
expression was detected than GAL-3 expression, whereas
GAL-3 displayed a greater (*p<0.05) level of intracellular
than cell surface expression (N=3) (FIG. 8A). Next, the
functional impact of GAL-3 or HLA-DP/DQ/DR blockade
was examined on the specific proliferation and anti-tumor
activities of MM-specific CD8+ CTL against MM cells 1n an
HLA-A2-specific manner. As shown 1n FIG. 8B, prolifera-
tion of HLA-A2 XBP1/CD138/CS1-specific C'1L was found
to be enhanced 1n response to HLA-A2+U266 MM cells
upon the treatment with anti-GAL-3 antibodies, but not with
anti-HLA-DP/DQ/DR antibodies, in an eflector (CTL):tar-
get (MM cells)-dependent manner (1:1>1:0.5>1:0.25) (His-
tograms, Bar graphs [N=5]). Importantly, the specific block-
ade of GAL-3 in MM cells was found to further increase
proliferation of LAG3 expressing XBP1/CD138/CS1-CTL
(FI1G. 8C), suggesting an alternative escape mechanism after
anti-GAL-3 therapy in MM patients.

[0205] Taken together, these results identify the functional
relevance of blocking GAL-3 on MM cells as a means to
enhance eflector T cell activities, and also provide the
rationale for targeting GAL-3 (on MM tumor cells) in
combination with LAG3 (on effector T cells) to further
enhance MM-specific immune responses and anti-tumor
activities.

Discussion of Above Examples

[0206] Understanding the biologic and immune sequelae
of tumor cell interaction with accessory and immune cells 1n
the tumor microenvironment 1s crucial for the development
of successtul cancer immunotherapies. Effective therapeutic
strategies 1n MM may not only target tumor and tumor-
promoting accessory cells, but also abrogate mechanisms
mediating immunosuppression in the bone marrow milieu.
The role of accessory cells (MDSC, plasmacytoid dendritic
cells, Treg, osteoclasts) in promoting tumor cell growth,
survival and drug resistance, as well as conferring 1immu-
nosuppression 1n MM has been delineated. The results in the
Examples above characterize the distribution, location, and
expression levels of immune checkpoints not only on eflec-
tor T cells, but also on MM cells and immune regulatory/
suppressor cells in the BM and PB of patients with MM
(newly diagnosed, relapsed, relapsed/refractory), premalig-
nant diseases (MGUS, SMM), and healthy individuals.
These analyses reveal key differences in the frequency of
cellular subsets (immune etiector, regulatory/suppressor vs.
tumor cells) and expression of immune checkpoints/agonists
in patients with active MM compared to MGUS/SMM and
healthy donors.

[0207] Since eflective immunotherapy depends upon
robust eflector T cell function, the presence and function of
endogenous T cell subsets in MM patient BM and PB were
first defined. Although proliferating CD3™ T cells in the
presence of IL-2 or MM cell lysates were found to express
multiple immune modulators as shown above, the immune
checkpoint LAG3 was found to be most highly expressed on
both proliferating CD4™ Th and CDS8™ Tc cells, and anti-
LAG3 treatment most significantly enhanced their MM-
specific immune responses. The Examples above further
demonstrate decreased effector CD4™ Th cells, increased
Treg and G-type MDSC, as well as upregulation of immune
checkpoints on both etlector/regulatory cells and patients
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CD138" tumor cells in MM, compared to patients with
MGUS, SMM or healthy individuals. Of immune modula-
tors profiled, LAG3 expression and impact of anti-LAG3
treatment was low on G-type MDSC and Tregs, suggesting,
that ant1-LAG3 treatment will not enhance immunosuppres-
sion conierred by these accessory cells in the BM milieu. In
evaluation of XBP-1/CD138/CS-1 peptides-specific CTL
with anti-MM activity, it was shown that anti-L AG3 treat-
ment induced enhanced proliferation of both CM and EM
memory CTL subsets and their functional anti-MM activi-
ties mcluding cytotoxicity and Thl-type cytokine produc-

tion. Importantly, The Examples above demonstrate that
GAL-3, the ligand for LAG3, was found to be robustly

expressed on CDI138" MM cells, and confirmed that anti-
GAL-3 treatment can similarly augment immune responses
against MM cells 1n patient BM, as well as XBP-1/CD138/
CS-1 antigen-specific CTL. These studies identify and vali-
date the potential blockade of LAG3/GAL-3 to enhance

anti-tumor 1immune responses 1 MM.

[0208] Checkpoint blockade 1s a revolutionary cancer
immunotherapy; however, a large proportion (70%-80%) of
checkpoint 1nhibitor-treated cancer patients do not benefit

due to eirther intrinsic or acquired resistance. See, e.g., Park
RLL et al, Front Oncol 2020; 10: 258; Gremese E, et al.,

Clin Immunol 2020; 214: 108395; Kumar P, et al., Semin
Cancer Biol 2020; 64: 29-35; Porcu M, et al. Cancers 2019;
11: 305-320. Multiple factors contribute to checkpoint
blockade resistance including a lack of antigen-specific
immune responses and/or impaired infiltration of effector T
cells to tumor sites. The studies, as described 1n the
Examples above were conducted to better elucidate potential
mechanisms whereby 1mmune inhibitory receptors and
ligands regulate innate and adaptive immunity in MM, and
specifically delineate potential mechanisms of resistance to
checkpoint blockade in MM. As demonstrated, a direct
beneficial impact of checkpoint inhibitor treatment was seen
on T cell functional activity 1n BM cells from MM patients.
Specifically, checkpoint inhibitor (especially anti-LAG3)
treatment significantly increased T cell responses in BMMC/
PBMC from MM patients compared with healthy donors.

[0209] Along with identifying the potential functional role
of checkpoint inhibitors, we also examined the impact of
immune agonists such as 0OX40 (CD134) and GITR
(CD357) to activate costimulatory molecules on eflector
cells and thereby enhance their immune responses. In both
MM patient BMMC and PBMC, immune agonist treatment
enhanced immune responses and T cell proliferation. Impor-
tantly, the studies described in the Examples demonstrate
higher intracellular than cell surface checkpoint expression
on CD3™ T cells and CD138" MM cells 1n patient BMMC
suggesting that high intracellular levels of checkpoints may
provide a continuous source of checkpoint molecules for
translocation to the cell surface, thereby maintaining ongo-
ing checkpoint-driven immune resistance in MM. Moreover,
these studies show that treatment of MM patient BMMC
with one checkpoint inhibitor (e.g., anti-PD-1 antibody) can
upregulate expression of another checkpoint (e.g., LAG3),
as well as expansion of regulatory and suppressor cells, 1n
addition to effector CD3™ T cells. Taken together, these data
identify alternative mechanisms of 1mmune resistance

induced by checkpoint inhibitors and immune agonists 1n
MM.

[0210] Among the clinical grade checkpoint inhibitors and
immune agonists evaluated 1n these studies, ant1-PD1 treat-
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ment induced the highest level of CD4™ Treg expansion and
upregulation of other immune checkpoints. Surprisingly,
ant1-LAG3 treatment induced the most robust effector T cell
proliferation, while inducing the lowest level of induction of
other checkpoints and Treg expansion. In addition, a higher

intracellular expression of LAG3 was seen compared to PD1
in MM patient (N=5) BMMC. These findings suggest that
LAG3 blockade in MM can be more eflective than PDI1

blockade, with a lower induction of alternative checkpoint
molecules and a higher induction of effector T cell prolii-
cration and response. These results are of particular rel-
evance, given recent toxicity concerns observed when com-
bining pembrolizumab (anti-PD1) with immunomodulatory
drugs lenalidomide or pomalidomide or with daratumumab
(anti-CD38) in recent clinical trials for relapsed MM
patients. Considering the robust LAG3 expression in the
tumor microenvironment and 1ts correlation with poor prog-
nosis in MM and other cancers, targeting the LAG3-specific
inhibitory pathway may enhance anti-MM immunity and
have a more favorable therapeutic index. Importantly,
among the clinical grade checkpoint inhibitors and immune
agonists evaluated 1n these studies, anti-LAG3 treatment
significantly enhanced the proliferation of MM-specific
ellector cells and their functional activities in response to
MM. Based on these results, 1t 1s proposed that ant1-LAG3
can eflectively overcome immunosuppression in the tumor
microenvironment and be used, either alone or in combina-
tion with other immune therapies such as MM-specific

vaccination (e.g., with one or more immunogenic peptides
from XBP1, CS1 and CD138) and/or adoptive T-cell therapy

(e.g., with XBP1 and/or CS1 and/or CD138-specific T cells,
such as C1Ls), to enhance generation and maintenance of
antigen-specific memory CTL function against tumors. Such
a strategy may achieve long-term anti-tumor immunity in
MM patients. Pharmacological blockade of PD1 or PD-L1
has been at the forefront of immunotherapy for various
cancers, as 1t reinvigorates exhausted T cells in the tumor
microenvironment, thereby facilitating robust anti-tumor
immune responses. However, up to 50% of patients with
PD-L1 positive tumors show acquired resistance or relapse
aiter an mitial response to PD1/PD-L1 blockade, highlight-
ing the need to target alternative pathways of inhibitory
checkpoint receptor/ligand interaction to improve clinical
outcomes. To address this concern and 1n the context of the
surprising and unexpected anti-LAG3 data n MM as
described 1n the Examples, the expression of LAG3 ligands,
GAL-3 and HLA-DP/DQ/DR, on CD138° MM cells in
patient BMMC and MM cell lines was also evaluated.
Surprisingly, 1t was found that blockade of GAL-3, but not
HLA-DP/DQ/DR, enhanced proliferation of both CD4" Th
and CD8™ Tc cell subsets in BMMC from MM patients,
independent of the cell surface or intracellular expression
levels of the two respective ligands on primary CD138" MM
cells. Thus, checkpoint ligands expression level itself might
not be the only factor, which influences efiector T cell
function and proliferation. The expression level and speci-
ficity/athnity between checkpoint receptor (LAG3) on the
patients’ T cells and the checkpoint ligands (GAL-3, HLA-
DP/DQ/DR) on patients’ tumor cells are a critical consid-
cration 1mpacting the functional sequelae of their interac-
tion. Recently, Kundapura et al. (Kundapura, S.V.,
Ramagopal, U.A. Sci Rep 9, 2019: 19191) demonstrated that
the CC' loop of IgV domains of the immune checkpoint
receptors, a loop which 1s distinct from CDRs of antibodies,
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plays a pivotal role 1n receptor: ligand athnity modulation.
They proposed that a ~5 amino acid residue long CC' loop
in a ~120 residue protein makes a signmificant number of
hydrophobic and polar interactions with 1ts cognate check-
point ligand and suggested that the CC' loop might be a
hotspot for checkpoint receptor modification that enhance
their athnity for ligand interaction. In addition, we propose
that the interaction between receptor and ligand can be
influenced by the unique T cell receptor repertoire of each
individual, resulting in variable levels or profiles of T cell or
CTL functional responses and proliferation. GAL-3 1s a key
regulator of cell adhesion and inflammation 1 cancer and
negatively regulates T cell function and proliferation
through interaction with LAG3, especially on CD8" CTL,
possibly by reducing the aflinity of the T-cell receptor and its
internalization.

[0211] Importantly, the studies described 1n this disclosure
demonstrate increased MM-specific CD8™ Tc cells expan-
sion and selective anti-MM 1mmune activities after anti-
GAL-3 treatment of both MM patient BMMC and XBP1/
CD138/CS1-specific CTL. These findings further indicate
the potential role for LAG3 and/or GAL-3 inhibition, alone,

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 52b
TYPE: PRT

ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Trp Glu Ala Gln Phe Leu Gly Leu Leu Phe Leu

Gln Pro

Aug. 29, 2024

and 1n combination with XBP1/CD138/CS1 peptide vacci-
nation and/or adoptive T cell therapy with T cells generated
against one or more of XBP1, CS1 and CD138, to augment
MM-specific memory CD8" CTL anti-tumor activities
against MM. Further, these studies provide a basis for using
the combination therapy of anti-LAG3 and/or anti-GAL3
antibodies with immunotherapeutic approaches (such as
XBP1/CD138/CS1 specific peptide vaccination or cell-
based therapy (e.g., ex vivo activated XBP1, CS1, and/or
CD138-specific T lymphocytes therapy)) to improve patient
outcome 1n pre-cancerous conditions (e.g., SMM or

MGUS), as well as blood cancers such as MM.

OTHER EMBODIMENTS

[0212] It 1s to be understood that while the imnvention has
been described 1n conjunction with the detailed description
thereol, the foregoing description 1s mntended to illustrate
and not limit the scope of the invention, which 1s defined by
the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following
claims.

Leu Trp

1

Val

Trp

Pro

His

65

2la

AYg

ATrg

ATrg

Gly

145

Arg

Gly

ATYJ

Ala

bAla

Leu

50

Gln

Pro

Leu

Gly

130

Glu

Leu

Ser

Pro

Pro

Gln

35

Gln

Pro

Gly

Pro
115

ASp

Arg

Leu

AP
195

Val
20

Glu

ASP

ASP

Pro

Thr

100

Leu

Phe

ATrg

Leu

ATrg

180

ATg

Gly

Leu

Ser

Hisg

85

Val

Gln

Ser

2la

Arg

165

2la

Pro

Pro

Ala

Ser

Gly

70

Pro

Leu

Pro

Leu

Ala

150

Leu

Ser

Ala

Leu

Pro

Leu

55

Pro

2la

Ser

Arg

Trp

135

Val

Gly

ASpP

Ser

Gln

Ala

40

Leu

Pro

Ala

Val

Val

120

Leu

His

Gln

Trp

Val
200

Pro
25

Gln

ATrg

Ala

Pro

Gly

105

Gln

ATrg

Leu

Ala

Vval

185

Hig

10

Gly

Leu

Arg

Ala

Ser

90

Pro

Leu

Pro

Arg

Ser

170

Tle

Trp

Ala

Pro

b2la

Ala

75

Ser

Gly

ASp

Ala

ASpP

155

Met

Leu

Phe

Glu

Gly

60

Pro

Trp

Gly

Glu

ATrg

140

ATrg

Thr

Agn

ATg

Val

Ser

45

Val

Gly

Gly

Leu

Arg

125

Arg

2la

2la

Agn
205

Pro

30

Pro

Thr

Hig

Pro

ATrg

110

Gly

2la

Leu

Ser

Ser

190

ATg

15

Val

Thr

Trp

Pro

ATrg

o5

Ser

ATrg

ASp

Ser

Pro

175

Phe

Gly

Val

Tle

Gln

Leu

80

Pro

Gly

Gln

Ala

Cys

160

Pro

Ser

Gln
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Gly

Phe

225

Leu

Gly

Gly

Pro

305

Glu

Leu

Val

Leu

385

Gln

Gly

Pro

His

Val

4165

ATrg

Ser

Glu

Arg
210

Leu

Tle

Thr

2la

Thr

290

ASpP

ASpP

Gln

Thr

Glu

370

ASpP

Glu

Glu

Gly

Leu

450

Thr

Arg

Pro

Val

Phe

Leu

Val

Gly

275

Arg

Leu

Val

Glu

Pro

355

Val

Thr

Ala

Arg

Ala

435

Leu

Gly

Phe

Tle

Glu
515

Pro

Leu

Thr

Leu

260

Ser

Ser

Leu

Ser

Gln

340

Thr

Pro

Gln

Leu

420

Gln

Leu

Ala

Ser

Glu

500

Pro

Vval

Pro

Tyvr

245

Gly

Arg

Phe

Val

Gln

325

Gln

Ser

Pro

Ser

Leu

405

Leu

Arg

Phe

Phe

Ala

485

Glu

Glu

<210> SEQ ID NO Z

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

360

2

ATrg

Gln

230

ATrg

Leu

Val

Leu

Thr

310

Ala

Leu

Phe

Val

Gln

390

Leu

Gly

Ser

Leu

Gly

470

Leu

Leu

Pro

Glu

215

Val

Asp

Glu

Gly

Thr

295

Gly

Gln

ASn

Gly

Ser

375

Arg

Ser

bAla

Gly

Tle

455

Phe

Glu

Glu

Glu

Ser

Ser

Gly

Pro

Leu

280

Ala

ASP

Ala

2la

Ser

360

Gly

Ser

Gln

Ala

ATrg

440

Leu

His

Gln

Gln

Pro
520

Met Trp Glu Ala Gln Phe Leu Gly

1

5

Val Ala Pro Val Lys Pro Leu Gln

20

Trp Ala Gln Glu Gly Ala Pro Ala

Pro

Pro

Phe

Pro

265

Pro

Agn

Gly

Thr

345

Pro

Gln

Phe

Pro

Val

425

Ala

Gly

Leu

Gly

Glu

505

Glu

Leu

Pro
25

Gln

His

Met

AgSh

250

Thr

Trp

Gly

Thr

330

Val

Gly

Glu

Ser

Trp

410

Pro

Val

Trp

Ile

490

Pro

Pro

His

ASD

235

Val

Pro

ATYg

Thr

ASDP

315

Thr

Ser

Arg

Gly

395

Gln

Phe

Gly

Leu

ATrg

475

His

Glu

Glu

30

-continued

Hig Leu Ala

220

Ser

Ser

Leu

Leu

Pro

300

Phe

Thr

Leu

Leu

Phe

380

Pro

Thr

Ala

Ser

460

AYg

Pro

Pro

Gln

Gly

ITle

Thr

Pro

285

Pro

Thr

Ala

Gly

365

Val

Trp

Gln

Glu

Leu

445

Leu

Gln

Pro

Glu

Leu
525

Leu Phe Leu Gln

10

Gly Ala Glu Val

Leu Pro (Cys Ser

Pro

Met

Val

270

Ala

Gly

Leu

Hig

Tle

350

Lys

Trp

Leu

Leu

Leu

430

Pro

Leu

Trp

Gln

Pro
510

Glu

Trp

Tyr

255

Gly

Gly

Arg

Ile

335

Tle

Leu

Ser

Glu

Tyr

415

Ser

2la

Leu

Arg

2la

495

Glu

Ser

Gly

240

Agh

b2la

Val

Gly

Leu

320

Hig

Thr

Leu

Ser

b2la

400

Gln

Ser

Gly

Leu

Pro

480

Gln

Pro

Pro Leu Trp

15

Pro Val Val

30

Pro Thr Ile

Aug. 29, 2024
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Pro

His

65

Ala

ATy

ATrg

ATrg

Gly

145

ATrg

Gly

Arg

Gly

Phe

225

Leu

Gly

Gly

Pro

305

Glu

Leu

Gly

<210>
<«211>
<«212>
<213>
«220>
<223 >

<400>

Leu

50

Gln

Pro

ATy

Leu

Gly

130

Glu

Leu

Ser

Pro

Arg

210

Leu

Tle

Thr

Ala

Thr

290

ASpP

ASp

Gln

Gln

35

Gln

Pro

Gly

Pro
115

ASP

Leu

ASP

195

Val

Phe

Leu

Val

Gly

275

ATrg

Leu

Val

Glu

Pro
355

ASP

ASP

Pro

Thr

100

Leu

Phe

ATg

Leu

ATg

180

ATrg

Pro

Leu

Thr

Leu

260

Ser

Ser

Leu

Ser

Gln

340

Gln

SEQ ID NO
LENGTH: b5
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of Artificial Sequence:

PRT

peptide

SEQUENCE :

Leu

Ser

His

85

Val

Gln

Ser

Ala

Arg

165

Ala

Pro

Val

Pro

Tvr

245

Gly

Arg

Phe

Val

Gln

325

Gln

Val

3

Asp Tyr Tyr Trp Asn

1

5

Ser

Gly

70

Pro

Leu

Pro

Leu

Ala

150

Leu

Ser

Ala

ATrg

Gln

230

ATrg

Leu

Val

Leu

Thr

310

Ala

Leu

Gly

Leu

55

Pro

Ala

Ser

Arg

Trp

135

Val

Gly

Asp

Ser

Glu

215

Val

AsSp

Glu

Gly

Thr

295

Gly

Gln

Asn

40

Leu

Pro

Ala

Val

Val

120

Leu

Hisg

Gln

Trp

Val

200

Ser

Ser

Gly

Pro

Leu

280

2la

ASP

Ala

Ala

Glu
260

Ala

Pro

Gly

105

Gln

Leu

Ala

Val

185

His

Pro

Pro

Phe

Pro

265

Pro

Agn

Gly

Thr
245

Arg

Ala

Ser

90

Pro

Leu

Pro

Arg

Ser

170

Ile

Trp

His

Met

Agn

250

Thr

Trp

Gly

Thr
330

Val

Ala

Ala

75

Ser

Gly

ASpP

Ala

ASpP

155

Met

Leu

Phe

His

ASDP

235

Val

Pro

Arg

Thr

ASDP

315

Thr

31

-continued

Gly

60

Pro

Trp

Gly

Glu

AYg

140

ATYg

Thr

Asn

ATYg

Hig

220

Ser

Ser

Leu

Leu

Pro

300

Phe

Thr

Leu

45

Val

Gly

Gly

Leu

Arg

125

Arg

Ala

Ala

AsSn
205

Leu

Gly

Tle

Thr

Pro

285

Pro

Thr

Ala

Thr

His

Pro

ATy

110

Gly

Ala

Leu

Ser

Ser

120

ATrg

Ala

Pro

Met

Val

270

Ala

Gly

Leu

His

Tle
350

Trp

Pro

Arg

o5

Ser

Arg

ASP

Ser

Pro

175

Phe

Gly

Glu

Trp

Tyr

255

Gly

Gly

Arg

Tle

335

Tle

Gln

Leu

80

Pro

Gly

Gln

2la

Cys

160

Pro

Ser

Gln

Ser

Gly

240

Agn

2la

Val

Gly

Leu

320

His

Thr

Synthetic

Aug. 29, 2024
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32

-continued

<210> SEQ ID NO 4

<211> LENGTH: 16

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 4

Glu Ile Asn His Arg Gly Ser Thr Asn Ser Asn Pro Ser Leu Lys Ser
1 5 10 15

<210> SEQ ID NO b

<211l> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 5

Gly Tyr Ser Asp Tvyvr Glu Tyr Asn Trp Phe Asp Pro
1 5 10

<210> SEQ ID NO o

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 6

Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Ala
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 7

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 7

Asp Ala Ser Asn Arg Ala Thr
1 5

<210> SEQ ID NO 8

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 8

Gln Gln Arg Ser Asn Trp Pro Leu Thr
1 5

<210> SEQ ID NO ©

<211> LENGTH: 120

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Aug. 29, 2024
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«223> OTHER INFORMATION:

polypeptide

<400> SEQUENCE:

Gln Val Gln Leu

1

Thr

Gly

Ser
65

Phe

Gly

<210>
<211>
«212>
<213>
«220>
<223>

Leu

Trp

Glu

50

Arg

Leu

Gly

Thr

Ser

Agn

35

Tle

Val

ATrg

Leu
115

Leu

20

Trp

Agn

Thr

Ser

Ser

100

Val

PRT

5

Gln
5

Thr

Ile

His

Leu

Val

85

AsSp

Thr

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

107

polypeptide

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Leu

Ser
65

Glu

Thr

<210>
<211>
<«212>
<213>
<220>
<223 >

Arg

Ala

ASpP

50

Gly

ASp

Phe

Ala

Trp

35

Ala

Ser

Phe

Gly

Thr

20

Ser

Gly

Ala

Gln
100

PRT

10

Thr
5

Leu

Gln

AsSn

Thr

Val

85

Gly

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of Artificial Sequence:

4477

polypeptide

<400> SEQUENCE:

11

Gln

ATy

ATrg

Ser

70

Thr

Val

Gln

Ser

Gln

ATrg

ASpP
70

Thr

Description of

Trp

Ala

Gln

Gly

55

Leu

Ala

Glu

Ser

Ser

Ala
55

Phe

ASn

Gly

Val

Pro

40

Ser

ASP

Ala

Ser
120

Pro

ATrg

Pro

40

Thr

Thr

Leu

Ala

Tyr

25

Pro

Thr

Thr

ASP

ASn
105

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Gly

10

Gly

Gly

Agn

Ser

Thr
S0

Trp

Thr
10

Ser

Gln

Tle

Thr

Gln

50

Tle

Artificial Sequence:

Leu

Gly

ser
Lys
75

Ala

Phe

Artificial Sequence:

Leu

Gln

Ala

Pro

Ile

75

Arg

33

-continued

Leu

Ser

Gly

ASn

60

Asn

Val

ASpP

Ser

Ser

Pro

Ala

60

Ser

Ser

Phe
Leu
45

Pro

Gln

Pro

Leu

Tle

Arg

45

Arg

Ser

Agh

Pro

Ser

30

Glu

Ser

Phe

Trp
110

Ser

Ser

30

Leu

Phe

Leu

Trp

Ser

15

ASpP

Trp

Leu

Ser

Cys

55

Gly

Pro

15

Ser

Leu

Ser

Glu

Pro
G5

Synthetic

Glu

Ile

Leu
80

Ala

Gln

Synthetic

Gly

ITle

Gly

Pro

80

Leu

Synthetic

Gln Val Gln Leu Gln Gln Trp Gly Ala Gly Leu Leu Lys Pro Ser Glu

1

5

10

15

Thr Leu Ser Leu Thr Cys Ala Val Tyr Gly Gly Ser Phe Ser Asp Tyr
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Gly

Ser

65

Phe

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Pro

225

Phe

Pro

Val

Thr

Val

305

Ser

Pro

Val

Gly

385

ASP

Trp

Trp

Glu

50

Arg

Leu

Gly

Thr

Pro

130

Gly

Agn

Gln

Ser

Ser

210

Leu

Glu

Gln

Lys

290

Leu

Ser

Lys

370

Gln

Gly

Gln

Agn
35
Tle

Val

ATy

Leu
115

Leu

Ser

Ser

Ser

195

Agn

Pro

Phe

Val

Phe

275

Pro

Thr

Val

Ala

Gln

355

Gly

Pro

Ser

Glu

20

Trp

Agnh

Thr

Ser

Ser

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Pro

Pro

Thr

260

Agn

ATg

Val

Ser

Lys

340

Glu

Phe

Glu

Phe

Gly
420

Ile

His

Leu

Val

85

AsSp

Thr

Pro

Vval

Ala

165

Gly

Gly

Pro

245

Trp

Glu

Leu

AsSn

325

Gly

Glu

AsSn

Phe
405

Asn

ATg

ATrg

Ser

70

Thr

Val

Lys

150

Leu

Leu

Thr

Val

Pro
230

Val

Glu

His
210

Gln

Met

Pro

Agn

390

Leu

Vval

Gln
Gly
55

Leu

Ala

Glu

Ser

Ser

135

AsSp

Thr

Asp

215

Ala

Pro

Val

Val

Gln

295

Gln

Gly

Pro

Thr

Ser
375

Phe

Pro
40
Ser

ASP

Ala

Ser
120

ATrg

Ser

Ser

Thr
200

Pro

Val

ASP

280

Phe

ASDP

Leu

ATy

Lys

360

ASDP

Ser

Ser

25

Pro

Thr

Thr

ASP

ASn

105

Ala

Ser

Phe

Gly

Leu

185

ATg

Glu

ASP

ASP

265

Gly

Agn

Trp

Pro

Glu
245

Agn

Tle

Thr

ATg

Cys
425

Gly

AgSh

Ser

Thr

50

Trp

Ser

Thr

Pro

Val

170

Ser

Thr

Val

Phe

Thr

250

Val

Val

Ser

Leu

Ser

330

Pro

Gln

2la

Thr

Leu

410

Ser

Ser

Lys

75

Ala

Phe

Thr

Ser

Glu

155

His

Ser

Glu

Leu

235

Leu

Ser

Glu

Thr

Asnh

315

Ser

Gln

Val

Val

Pro

395

Thr

Val

34

-continued

Gly
AsSh
60

AsSn

Val

ASpP

Glu
140

Pro

Thr

Val

AsSn

Ser

220

Gly

Met

Gln

Val

Tvyr

300

Gly

Tle

Val

Ser

Glu
280

Pro

Val

Met

Leu
45

Pro

Gln

Pro

Gly

125

Ser

Vval

Phe

val

Val

205

Gly

Ile

Glu

His

285

Arg

Glu

Leu

365

Trp

Val

Asp

His

30

Glu

Ser

Phe

Trp

110

Pro

Thr

Thr

Pro

Thr

120

ASP

Pro

Ser

ASP

270

Agn

Val

Glu

Thr
250

Thr

Glu

Leu

Glu
430

Trp

Leu

Ser

Cys

55

Gly

Ser

Ala

Val

2la

175

Val

His

Gly

Ser

Arg

255

Pro

2la

Val

Thr
335

Leu

Ser

ASpP

Ser

415

2la

Ile

Leu

80

Ala

Gln

Val

Ala

Ser

160

Val

Pro

Pro
Val
240

Thr

Glu

Ser

Lys
320

Tle

Pro

Leu

Agn

Ser

400

ATrg

Leu
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35

-continued

Hig Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys

<210>
<211>
<«212>
<213>
<220>
<223 >

435

PRT

SEQ ID NO 12
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

214

polypeptide

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Leu

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Phe

Arg

2la

ASp

50

Gly

ASpP

Phe

Ser

2la

130

Val

Ser

Thr

Agn
210

Ala

Trp

35

Ala

Ser

Phe

Gly

Val

115

Ser

Gln

Val

Leu

Glu

195

ATrg

Thr

20

Ser

Gly

Ala

Gln

100

Phe

Val

Trp

Thr

Thr

180

Val

Gly

12

Thr

5

Leu

Gln

Asn

Thr

Val

85

Gly

Tle

Val

Glu
165

Leu

Thr

Glu

<210> SEQ ID NO 13

<211> LENGTH:

«212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Asp Asn

1

Pro Asn Pro Gln

20

Ala Gly Gly Tyr

35

Ala Pro Pro Gly

50

250

Homo sapiliens

13

Gln

Ser

Gln

ATg

ASpP

70

Thr

Phe

Vval
150
Gln

Ser

His

Ser

Ala
55

Phe

Agnh

Pro

Leu

135

Asp

AsSp

Gln

Phe Ser Leu

5

Gly Trp Pro

Pro Gly Ala

Ala Tyr Pro

55

440

Pro

Arg

Pro

40

Thr

Thr

Leu

Pro

120

Leu

Agn

Ser

Ala

Gly
200

His

Gly

Ser
40

Gly

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu

105

Ser

Agn

Ala

ASP
185

Leu

ASDP

Ala
25

Gln

Thr

10

Ser

Gln

Ile

Thr

Gln

S0

Tle

ASp

Agn

Leu

ASp

170

Ser

2la
10

Trp

Pro

2la

Artificial Sequence:

Leu

Gln

Ala

Pro

Tle

75

ATYg

Glu

Phe

Gln
155

Ser

Glu

Ser

Leu

Gly

Gly

Pro

Ser

Ser

Pro

Ala

60

Ser

Ser

ATrg

Gln

Tvyr

140

Ser

Thr

Pro

Ser

AsSn

Ala

Pro
60

445

Leu

Tle

Arg

45

Arg

Ser

Asn

Thr

Leu

125

Pro

Gly

Hig

val
205

Gly

Gln

Tvr

45

Gly

Ser

Ser

30

Leu

Phe

Leu

Trp

Val

110

ATg

Agn

Ser

Lys

120

Thr

Ser

Pro
30

Pro

Ala

Pro

15

Ser

Leu

Ser

Glu

Pro

S5

Ala

Ser

Glu

Ser

Leu

175

Val

Gly
15

2la

Gly

Synthetic

Gly

Tle

Gly

Pro

80

Leu

Ala

Gly

2la

Gln
160

Ser

Ser

Agn

Gly

Gln

Pro
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Gly

65

Gly

Ala

Pro

ATrg

Tle

145

Pro

Leu

Glu

Phe

Val

225

ASpP

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

2la

Pro

Thr

Leu

Met

130

2la

Arg

ASpP

Ser

Lys

210

Leu

Pro

Pro

Gly

Tle

115

Leu

Leu

Phe

Agn

Gly

195

Val

Thr

Gly

Ser

Ala

100

Val

Ile

ASDP

Agn

Agn

180

Ala

Leu

Ser

PRT

peptide

SEQUENCE :

16

2la

Gly

85

Pro

Thr

Phe

Glu

165

Trp

Pro

Val

Agh

2la
245

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

14

Tyr
70

Pro

Pro

ITle

Gln
150

Asn

Gly

Phe

AsSn

Glu

230

Ser

Pro

Gly

Ala

Asn

Leu

135

Arg

Asn

Arg

Asp
215

Tle

Gly

2la

Thr

Leu

120

Gly

Gly

ATy

Glu

Tle

200

2la

Ser

Thr

Ala

Gly
105
Pro

Thr

Agn

Glu
185

Gln

His

Met

Pro

Pro

S0

Pro

Leu

Val

ASp

Val

170

Arg

Val

Leu

Leu

Tle
250

Arg Ser Ser Lys Ser Leu Leu Tyr Lys ASpP

1 5
<210> SEQ ID NO 15
<211l> LENGTH: 7
<212> TYPRE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 >
peptide
<400> SEQUENCE: 15

Leu Met Ser Thr Hig Ala Ser

1 5
<210> SEQ ID NO 16
<211> LENGTH: 9
<212> TYPRE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
peptide
<400> SEQUENCE: 16

10

A2la
75

Ser

Pro

Val

155

Ile

Gln

Leu

Leu

Gly
235

Artificial Sequence:

30

-continued

Pro Gly Val Tyr

Ser

Gly

Gly

Pro

140

Ala

Val

Ser

Val

Gln

220

Tle

Gly

Ala

Gly

125

Asn

Phe

Val

Glu
205

Ser

Gln

Pro

110

Val

Ala

His

Agn

Phe

120

Pro

Agn

Gly

Pro

S5

Ala

Val

Agn

Phe

Thr

175

Pro

ASP

His

ASpP

Pro
80

Ser

Gly

Pro

Agn
160

Phe

His

ITle
240

Synthetic

Gly Lys Thr Tyr Leu Asn

15

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic
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Gln Gln Leu Val Asp Tyr Pro Leu Thr

1 5
<210> SEQ ID NO 17
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
peptide
<400> SEQUENCE: 17

Gly Tyr Thr Phe Thr Asn Tvr

1 5
<210> SEQ ID NO 18
<211> LENGTH: o
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
peptide
<400> SEQUENCE: 18

Asn Thr Asn Thr Gly Glu

1

<210>
<211>
«212>
<213>
<220>
<223>

PRT

peptide

<400> SEQUENCE:

5

SEQ ID NO 19
LENGTH: 7
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

19

Tyr Asp Asn Phe Phe Ala Tyr

1

<210>
<211>
<212>
<213>
«220>
<223 >

PRT

5

SEQ ID NO 20
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

115

polypeptide

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Gly

Gly

Thr
65

Leu

Ala

Val

Met

Trp

50

Gly

Gln

Pro

Lys

Agn
35

Tle

ATrg

Ile

Val
20

Trp

Agn

Phe

Ser

ASDP
100

20

Val
5

Ser

Val

Thr

Val

Ser

85

Asn

Gln

ATg

Agn

Phe
70

Leu

Phe

Ser

Gln

Thr

55

Ser

Phe

Gly

Ala

Ala

40

Gly

Leu

Ala

Ala

Ser

Ser
25

Pro

Glu

ASP

Glu

Tyr
105

Glu
10

Gly

Gly

Pro

Thr

ASpP
S0

Trp

Artificial Sequence:

Leu

Gln

Thr

Ser

75

Thr

Gly

37

-continued

Thr

Gly

Tvyr

60

Val

Ala

Gln

Lys

Phe

Leu

45

Ala

Ser

Val

Gly

Pro

Thr
20

Gln

Thr

Thr
110

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

Gly

15

Agn

Trp

Glu

2la

Phe
o5

Thr

Synthetic

Synthetic

Synthetic

Synthetic

b2la

Met

Phe

Tyr
80

Val
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Thr

<210>
<211>
<«212>
<213>
<220>
<223 >

Val

Ser
115

PRT

SEQ ID NO 21
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

112

polypeptide

<400> SEQUENCE:

Asp Ile Val Leu

1

Glu

ASpP

Pro

ASp

65

Ser

Val

<210>
<211>
<212 >
<213>
220>
<223 >

Pro

Gly

Gln

50

Arg

Arg

ASp

Ala

Lys

35

Leu

Phe

Val

Ser

20

Thr

Leu

Ser

Glu

Pro

100

PRT

21

Thr
5

Tle

Ile

Gly

Ala

85

Leu

SEQ ID NO 22
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

442

polypeptide

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Gly

Gly

Thr
65

Leu

Ala

Thr

Pro

Val
145

Val

Met

Trp

50

Gly

Gln

Pro

Val

Cys
130

Lys
Asn
35

Tle

ATg

Ile

Ser
115

Ser

ASP

Val
20
Trp

Agn

Phe

Ser

ASDP

100

Ser

ATJg

22

Vval
5

Ser

Vval

Thr

Val

Ser
85

Asn

2la

Ser

Phe

Gln

Ser

Leu

Tyr

Ser

70

Glu

Thr

Gln

ATrg

Agn

Phe
70

Leu

Phe

Ser

Thr

Pro
150

Ser

Asn

Leu

55

Gly

Asp

Phe

Ser

Gln
Thr
55

Ser

Phe

Thr

Ser

135

Glu

Pro

Arg

Trp

40

Met

Ser

Val

Gly

Gly

2la

Ala

40

Gly

Leu

Ala

Ala

Lys

120

Glu

Pro

Leu

Ser

25

Phe

Ser

Gly

Gly

Gly
105

Ser

Ser
25

Pro

Glu

ASP

Glu

Tyr

105

Gly

Ser

Val

Ser

10

Ser

Leu

Thr

Thr

Val

S0

Gly

Glu

10

Gly

Gly

Pro

Thr

ASpP

S0

Trp

Pro

Thr

Thr

Artificial Sequence:

Leu

Gln

His

ASp
75

Thr

Artificial Sequence:

Leu

Gln

Thr

Ser
75

Thr

Gly

Ser

Ala

Val
155

33

-continued

Pro

Ser

Ala
60

Phe

Thr

Gly

Tyr

60

Val

Ala

Gln

Val

Ala

140

Ser

Val

Leu

Pro

45

Ser

Thr

Leu

Phe

Leu
45
Ala

Ser

Val

Gly

Phe

125

Leu

Trp

Thr

Leu

30

Gly

Gly

Leu

Gln

Glu
110

Pro

Thr
30

Gln

Thr

Thr
110

Pro

Gly

Agn

Pro

15

Gln

Val

Gln
o5

Tle

Gly

15

Agn

Trp

Glu

ala

Phe
o5

Thr

Leu

Ser

Synthetic

Gly

Ser

Pro

Tle
80

Leu

Synthetic

Ala

Met

Phe

Tyr

80

Val

b2la

Leu

Gly
160
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Ala

Gly

Gly

Cys
225

Pro

Trp

Glu

Leu

305

ASh

Gly

Glu

Asn
385

Phe

Agn

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Leu

Thr

Val

210

Pro

Val

Glu
290

His

Gln

Met

Pro

370

Agn

Leu

Val

Gln

Thr

Lys

195

ASP

Ala

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Thr

355

Ser

Phe

Lys
435

Ser
Ser
180

Thr

Pro

Val

260

ASP

Phe

ASP

Leu

ATg
340

Ser
Ser
420

Ser

PRT

Gly
165

Leu

Arg

Glu

Asp

245

Asp

Gly

AsSn

Trp

Pro

325

Glu

Asn

Tle

Thr

Arg

405

Leu

SEQ ID NO 23
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

219

polypeptide

<400> SEQUENCE:

Asp Ile Val Leu

1

Glu Pro Ala

Asp Gly Lys

35

Pro Gln Leu

Ser
20

Thr

Leu

23

Thr
5

Ile

Tyvr

Tle

Vval

Ser

Thr

Val

Phe

230

Thr

Val

Val

Ser

Leu

310

Ser

Pro

Gln

Ala

Thr

390

Leu

Ser

Ser

Gln

Ser

Leu

Tyr

Hisg

Ser

Glu

215

Leu

Leu

Ser

Glu

Thr

295

Asn

Ser

Gln

Val

Val

375

Pro

Thr

Val

Leu

Ser

Agnh

Leu

Thr

Val

Agh

200

Ser

Gly

Met

Gln

Val

280

Gly

Tle

Val

Ser

360

Glu

Pro

Val

Met

Ser
440

Pro

ATy

Trp

40

Met

Phe
Val
185

Val

Gly

Tle

Glu

265

Hisg

ATrg

Glu

Tyr

345

Leu

Trp

Val

ASP

His

425

Leu

Leu
Ser
25

Phe

Ser

Pro
170
Thr

ASp

Pro

Ser

250

ASpP

Agn

Val

Glu

Lys

330

Thr

Thr

Glu

Leu

Lys

410

Glu

Gly

Ser
10

Ser

Leu

Thr

A2la

Val

His

Gly

sSer

235

Arg

Pro

Ala

Val

Tyr

315

Thr

Leu

Ser

ASpP
395

Ser

Ala

Artificial Sequence:

Leu

Gln

His

39

-continued

Val

Pro

Pro
220
Val

Thr

Glu

Ser

300

Tle

Pro

Leu

AsSn

380

Ser

ATrg

Leu

Pro

Ser

Ala

Leu

Ser

Pro

205

Pro

Phe

Pro

Val

Thr

285

Vval

Ser

Pro

Val

365

Gly

Asp

Trp

His

Vval

Leu

Pro

45

Ser

Gln

Ser
190

Ser

Leu

Glu

Gln

270

Leu

Ser

350

Gln

Gly

Gln

Agn
430

Thr
Leu
30

Gly

Gly

Ser

175

Ser

AgSh

Pro

Phe

Val

255

Phe

Pro

Thr

Val

Ala

335

Gln

Gly

Pro

Ser

Glu
415

His

Pro
15

Gln

Val

Ser

Leu

Thr

Pro

Pro

240

Thr

Agn

Val

Ser

320

Glu

Phe

Glu

Phe

400

Gly

Synthetic

Gly

Ser

Pro
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ASpP
65

Ser

Val

ATy

Gln

Tyr

145

Ser

Thr

Pro

50

ATrg

Arg

ASpP

Thr

Leu

130

Pro

Gly

Hig

Val
210

Phe

Val

Val

115

ATrg

Agn

Ser

Lys

195

Thr

Ser

Glu

Pro

100

Ala

Ser

Glu

Ser

Leu

180

Val

<210> SEQ ID NO
«<211> LENGTH: 9
<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Tyr Ile Ser Pro

1

<210> SEQ ID NO
«<211> LENGTH: 9
<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Tyr Leu Phe Pro

1

<210>
<211>
<«212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE :
ORGANISM:

PRT

SEQUENCE :

Gly Leu Val Gly

1

<210>
<211>
<212 >
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE :
ORGANISM :

PRT

SEQUENCE :

Ser Leu Phe Val

1

Gly
Ala
85

Leu

Ala

Gly

Ala

Gln

165

Ser

Ser

24

Homo sapiens

24

Ser

70

Glu

Thr

Pro

Thr

Lys

150

Glu

Ser

Ala

Phe

55

Gly

Asp

Phe

Ser

Ala

135

Val

Ser

Thr

Asn
215

Ser

Val

Gly

Val

120

Ser

Gln

Val

Leu

Glu

200

Arg

Gly

Gly

Gly

105

Phe

Val

Trp

Thr

Thr

185

Val

Gly

Trp Ile Leu Ala Val

5

25

Homo sapiens

25

Gln Leu Ile Ser Val

5

26

Homo sapiens

26

Leu Ile Phe Ala Val

5

27

Homo sapiens

277

Leu Gly Leu Phe Leu

5

Thr

Val

90

Gly

Ile

Val

Glu
170

Leu

Thr

Glu

ASDP

75

Thr

Phe

Val
155
Gln

Ser

His

40

-continued

60

Phe

Pro
Leu
140

ASDP

ASpP

Gln

Thr

Cys

Leu

Pro

125

Leu

Asn

Ser

Ala

Gly
205

Leu

Gln

Glu
110

Ser

Agn

Ala

ASP
190

Leu

Gln

o5

Tle

ASP

Agn

Leu

ASP

175

Ser

Ile
80

Leu

Glu

Phe

Gln

160

Ser

Glu

Ser
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41

-continued

<210> SEQ ID NO
<211> LENGTH: 9
<«212> TYPE: PRT
<213> ORGANISM:

28

Homo sapiens

<400> SEQUENCE: 28
Ile Ser Pro Trp Ile Leu Ala Val Leu
1 5

<210>
<211>
<212 >
<213>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

29

Homo sapiens

<400> SEQUENCE: 29
Val Tyr Pro Glu Gly Pro Ser Ser Leu

1 5

<210>
<211>
<212 >
<213>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

30

Homo sapilens

<400> SEQUENCE: 30

Ile Phe Ala Val Cys Leu Val Gly Phe
1 5

<210>
<211>
<212 >
<213>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

31

Homo sapiliens

<400> SEQUENCE: 31
Leu Phe Val Leu Gly Leu Phe Leu Trp

1 5

«210> SEQ ID NO
<211> LENGTH: 9
«212> TYPE: PRT
<213> ORGANISM:

32

Homo sapiliens

<400> SEQUENCE: 32
Leu Phe Val Leu Gly Leu Phe Leu Trp
1 5

<210> SEQ ID NO 33
<211> LENGTH: 376

<212> TYPRE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Met Val Val Val

1

Val Leu

Gly Gln

Glu Ala

50

Thr His

Leu

Ala
35

Ala

Leu

Leu

20

Leu

Ser

Ser

Ala

5

Ser

Pro

Gly

Pro

Ala

Gly

Leu

Gly

Glu

Ala

Gln

Met

Leu

55

Glu

Pro

Pro

Val
40

Pro

AgSh

Ala
25

Pro

Gln

Ala

Pro

10

Ser

2la

Ala

Leu

Ala

Ala

Gln

Arg

ATrg

ASDP

Ala

AYg

Lys

60

AYg

Gly

Gly

Gly

45

Arg

Thr

Ala

30

Ala

Gln

Leu

Pro

15

Pro

Ser

Arg

Ala

Pro

Leu

Agn
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65

ATg

Glu

Leu

Glu

Glu

145

Ser

His

ASp

Tyr

225

Gly

ASP

Glu

Pro

Pro

305

Ser

Ser

Ser

Leu

<210>
<211>

<212>
<213>

<400>

Val

Leu

Leu

Agn

130

Glu

2la

Leu

Tle

Cys

210

Pro

Thr

Hig

Ser

Ser

290

Val

Ser

ASpP

Leu

Phe
370

Ala

Glu

Glu

115

Gln

Glu

Glu

Pro

Leu

195

Pro

Glu

Ser

Ile

Gln

275

Glu

Glu

Ser

Leu
355

Pro

Ala
Gln
100

Agn

Glu

Ala

Ser

Met

180

Leu

Ser

Gly

Ser

Tyr

260

Ala

Agn

ASP

His

Gly

340

Gly

Gln

PRT

SEQUENCE :

Gln

85

Gln

Gln

Leu

Glu

Ala

165

Asp

Gly

Pro

Pro

2la

245

Thr

AsSn

Asp

AsSp

Cvys

325

Vval

Leu

SEQ ID NO 34
LENGTH:

TYPE :
ORGANISM: Homo saplens

310

34

70

Thr

Val

Leu

ATy

Ala

150

Ala

Ser

Tle

Glu

Ser
230

Val

His

Leu

310

Pro

Gly

Agn

Tle

Ala

Val

Leu

Gln

135

Gly

Gly

Leu

Pro

215

Ser

Leu

Pro

Val

Pro

295

Val

Gly

Hisg

Ser
375

ATy

ASpP

ATrg

120

AT

Gly

2la

Gly

ASP

200

2la

Leu

Glu

Leu

Val

280

Glu

Pro

Pro

Ser

Ser

360

Val

Met Arg Arg Ala Ala Leu Trp Leu

1

5

Leu Gln Pro Ala Leu Pro Gln Ile

20

Asp Gln Asp Gly Ser Gly Asp Asp

35

40

ASP

Leu

105

Glu

Leu

ASn

Gly

Ile

185

ASn

Ser

Pro

Ala

Val

265

Phe

Glu

Ser

Leu

345

Trp

Arg
S50

Glu

Gly

Glu

Pro

170

ASp

Leu

Leu

2la

Tle

250

Leu

Tle

Ile

Leu

Ser

330

Ser

Glu

75

Glu

Thr

Met

Val

155

Val

Ser

ASpP

Glu

Ser

235

Agn

Glu

Glu

Val

Gly

315

Pro

ASp

42

-continued

Glu

Hig

ASDP

140

AYg

Val

Ser

Pro

Glu

220

Leu

Glu

ITle

Glu

Ser

300

Tle

Leu

Phe

Thr

Trp Leu Cys Ala

10

Val Ala Thr Asn

25

Ser Asp Asn Phe

Ala

Agh

Gly

125

Ala

Pro

Thr

Asp

Vval

205

Leu

Ser

Leu

Pro

Ala

285

Val

Ser

Leu

Ser

Phe
365

Leu

Leu

Ser
45

ATg

Gln

110

Leu

Leu

Val

Pro

Ser

120

Met

Pro

Leu

Tle

Ser

270

Pro

AgSh

ASP

ASP

350

Ala

Ala

Pro
30

Gly

Met

55

Val

Val

2la

Pro

175

Glu

Phe

Glu

Ser

Arg

255

Glu

Leu

Glu

Leu

2la

335

Met

Agn

Leu
15

Pro

Ser

80

Ser

Leu

Val

Ala

Gly

160

Glu

Ser

Phe

Val

Val

240

Phe

Thr

Ser

Glu

Leu

320

Ser

Glu

Ser

Glu

Gly
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Ala

Trp

65

Thr

Glu

Gly

Thr

Ala

145

Hig

Thr

Glu

Gln

Val

225

Gly

Ile

Phe

Glu

Gln
205

<210>
<«211>
«212>
<213>

<400>

Gly

50

Gly

Gly

Leu

Gln

130

Gln

His

Pro

ASp

ASpP

210

Glu

2la

2la

Met

Glu

290

Glu

Ala

ASP

Leu

Pro

Thr

115

Leu

Glu

Glu

Hig

Gly

195

Phe

Pro

Ser

Gly

Leu

275

Pro

Glu

Leu

Thr

Glu

Lys

100

Ala

Pro

Pro

Thr

Thr

180

Ala

Thr

ASP

Gln

Gly
260

Phe

PRT

SEQUENCE :

Met Ala Gly Ser

1

Leu

Val

ASpP

Pro

65

Val

Thr

Gly

Ser

50

Glu

ASp

Gly

Gly

35

Tle

Gly

Phe

Ser

20

Ala

Val

Gly

Pro

Gln

Gln

Ala

85

Glu

Arg

Thr

2la

Ser

165

Glu

Ser

Phe

Gly
245

Leu

Arg

Gln

SEQ ID NO 35
LENGTH :
TYPE :
ORGANISM: Homo saplens

335

35

Pro
5

Ala

Vval

Trp

Thr

Asp
85

ASpP

Leu

70

Thr

Gly

Glu

Thr

Thr

150

Thr

ASP

Ser

Glu

ATrg

230

Leu

Val

Met

Ala

Ala
210

Thr

Ala

Thr

Thr

ITle

70

Gly

ITle

55

Leu

Ala

Glu

Gln

Hisg

135

Ser

Pro

Gly

Gln

Thr

215

Agnh

Leu

Gly

Asn
295

Ser

Phe

Phe

55

ITle

Gly

Thr

Thr

2la

Ala

Glu

120

Gln

His

Ala

Gly

Leu

200

Ser

Gln

ASP

Leu

Lys

280

Gly

Leu

Gly

Pro
40

Agn

Val

Leu

Ala

Ser

Val

105

Ala

Ala

Pro

Gly

Pro

185

Pro

Gly

Ser

Ile
265

Gly

Thr

Pro

25

Leu

Thr

Thr

Ser

Ser

Tle

Thr

S0

Val

Thr

Ser

His

Pro

170

Ser

2la

Glu

Pro

Lys

250

Phe

ASp

2la

Leu
10

Val

Thr

Gln

Leu
S0

Gln

Pro

75

Ser

Leu

Pro

Thr

Arg

155

Ser

Ala

Ala

Agnh

Val

235

Glu

Ala

Glu

Ile

Ser

Pro

Agnh
75

43

-continued

Gln Thr Pro Ser

60

Thr

Thr

Pro

AYg

Thr

140

ASD

Gln

Thr

Glu

Thr

220

ASDP

Val

Val

Gly

Gln
300

Glu

Leu
60

ATYJ

Leu

Ser

Leu

Glu

Pro

125

Thr

Met

Ala

Glu

Gly

205

Ala

Gln

Leu

Ser
285

Ile

Leu

val

45

Val

Asn

Ser

Pro

Pro

Val

110

ATrg

Ala

Gln

ASP

ATrg

120

Ser

Val

Gly

Gly

Leu
270

Pro

Leu

Val
20

Thr

ATg

Glu

2la

S5

Glu

Glu

Thr

Pro

Leu

175

2la

Gly

Val

Ala

Gly

255

Val

Ser

Thr

Trp

15

Gly

Gln

Tle

Glu

Leu
o5

Thr

Pro

80

Gly

Pro

Thr

Thr

Gly

160

His

2la

Glu

2la

Thr

240

Val

Gly

Leu

Gln

Ser

Val

Gln

ATrg
80
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Gln

Ser

Cys

145

ITle

Gly

Phe

Ile

Ser

225

Phe

Glu

Asn

His

Ser

305

Thr

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Agn

Gln

Lys

130

Val

Ser

Ile

Leu

210

Met

Val

Tle
Thr
290

Thr

Met

ASP

Pro

115

Pro

Thr

Thr

Tle

Cys

125

Ala

Val

Leu

Tle

Cys

275

Agn

Val

Pro

Ser
100

Ser

Agn

Trp

Leu

180

Val

ATy

Leu

Gly

Glu

260

Pro

ATJg

Glu

ASP

PRT

Gly

Thr

Val

Leu

Lys

165

Pro

Ala

Leu

Leu

245

Glu

His

Thr

Tle

Thr
325

SEQ ID NO 36
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

44°7

polypeptide

SEQUENCE :

Gln Val Gln Leu

1

Ser

Gly
Lys
65

Met

Ala

Val

Met

Gly

50

Agn

Glu

ATrg

Lys

Tyr

35

Tle

ATrg

Leu

ATrg

Val
20

Trp

Agn

Val

ASDP

36

Val
5

Ser

Val

Pro

Thr

Ser
85

Tle

Gln

Thr

Thr

150

Ala

Tle

ATg

Leu

Cys

230

Phe

Ser

ITle

Pro
210

Pro

Gln

ATrg

Ser

Leu

70

Leu

ATrg

Glu

Met

135

Leu

Ser

Asn

Cvys

215

Leu

Leu

Gly

Leu
295

Arg

Ser

Gln

ASn

55

Thr

Gln

Phe

Tyr
120

Gly

Gly

Trp

Pro

200

Glu

Leu

Trp

Arg

Glu
280

Leu

Gly

2la

Ala

40

Gly

Thr

Phe

ASP

Val

105

Val

Leu

Met

Gln

Arg

185

Val

Gly

Leu

Phe

Val

265

Agn

Glu

Met

Phe

Val

Ser
25

Pro

Gly

ASP

ASP

Met

Gly

Leu

Gln

Glu

2la

170

Trp

Ser

Ala

Val

Leu

250

ASp

Thr

ASpP

Glu

2la
330

Glu
10

Gly

Gly

Thr

Ser

ASp

50

Gly

ITle

His

Ser

His

155

Ala

Gly

ATYg

Ala

Pro

235

Ile

Glu

Pro

Asnh
315

Artificial Sequence:

Val

Gln

Agnh

Ser

75

Thr

Phe

44

-continued

Tvyr

Val

Agnh

140

Gly

Asn

Glu

Asn

ASP

220

Leu

AY(

Ala
200

Pro

Glu

Thr

Gly

Phe

60

Thr

Ala

ASpP

Ser

Tvyr

125

Lys

Glu

Glu

Ser

Phe

205

Asp

Leu

Glu

Arg

Asp

285

Asn

His

AsSn

Lys

Phe

Leu
45

ASn

Thr

Val

Ser

110

Glu

AgSh

Glu

Ser

ASP

120

Ser

Pro

Leu

ATrg

Glu

270

Thr

Thr

Ser

Val

Pro

Thr
30

Glu

Glu

Thr

Trp

Ser

His

Gly

ASpP

Hisg

175

Met

Ser

ASP

Ser

Gln

255

Thr

Tle

Val

Leu

Tle
335

Gly
15

Agn

Trp

2la

Tyr
S5

Gly

Leu

Leu

Thr

Val

160

Agn

Thr

Pro

Ser

Leu

240

Glu

Pro

Pro

Leu
320

Synthetic

Ala

Met

Phe

Tyr
80

Gln
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Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Pro

225

Phe

Pro

Val

Thr

Val

305

Ser

Pro

Val

Gly

385

ASpP

Trp

His

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Thr

Pro

130

Gly

Agn

Gln

Ser

Ser

210

Leu

Glu

Gln

Lys

290

Leu

Ser

Lys

370

Gln

Gly

Gln

Agn

Thr
115

Leu

Ser

Ser

Ser

195

Agn

Pro

Phe

Val

Phe

275

Pro

Thr

Val

Ala

Gln

355

Gly

Pro

Ser

Glu

Hig
435

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Pro

Pro

Thr

260

Agn

ATJg

Val

Ser

Lys

340

Glu

Phe

Glu

Phe

Gly
420

PRT

Thr

Pro

Val

Ala

165

Gly

Gly

Pro
245

Trp

Glu

Leu

Asn

325

Gly

Glu

Asn

Phe
405

Asn

Thr

SEQ ID NO 37
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

200

polypeptide

SEQUENCE :

37

Val

Lys

150

Leu

Leu

Thr

Val

Pro

230

Vval

Glu

His

310

Gln

Met

Pro

Agn

390

Leu

Val

Gln

Ser
Ser
135

AsSp

Thr

Asp

215

Ala

Pro

Val

Val

Gln

295

Gln

Gly

Pro

Thr

Ser
375

Phe

Ser
120

Arg

Ser

Ser

Thr

200

Pro

Val

ASP

280

Phe

ASP

Leu

Arg

Lys

360

ASP

Ser

Ser

Ser
440

105

Ala

Ser

Phe

Gly

Leu

185

ATrg

Glu

ASP

ASDP

265

Gly

Agn

Trp

Pro

Glu

345

ASn

Ile

Thr

ATrg

Cys

425

Leu

Ser

Thr

Pro

Val

170

Ser

Thr

Val

Phe

Thr

250

Val

Val

Ser

Leu

Ser

330

Pro

Gln

2la

Thr

Leu

410

Ser

Ser

Thr

Ser

Glu

155

His

Ser

Glu

Leu

235

Leu

Ser

Glu

Thr

Agnh

315

Ser

Gln

Val

Val

Pro

395

Thr

Val

Leu

45

-continued

Glu
140

Pro

Thr

Val

Asn

Ser

220

Gly

Met

Gln

Val

Tvr

300

Gly

Ile

Val

Ser

Glu

380

Pro

Val

Met

Ser

Gly

125

Ser

Val

Phe

Vval

Val

205

Gly

Ile

Glu

His

285

Arg

Glu

Leu

365

Trp

val

Asp

Hig

Leu
445

110

Pro

Thr

Thr

Pro

Thr

120

ASP

Pro

Ser

ASP

270

Agn

Val

Glu

Thr
350

Thr

Glu

Leu

Glu
430

Gly

Ser

Ala

Val

ala

175

Val

His

Gly

Ser

Arg

255

Pro

2la

Val

Thr
335

Leu

Ser

ASpP

Ser

415

ala

Val

Ala

Ser

160

Val

Pro

Pro
Val
240

Thr

Glu

Ser

Lys

320

Ile

Pro

Leu

Agn

Ser

400

ATrg

Leu

Synthetic
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Glu

1

Glu

Gly

ATy

ATrg

65

Ser

ASp

Thr

Leu

Pro

145

Gly

Hig

Ile

Arg

Leu

50

Phe

Leu

Leu

Val

Lys

130

Arg

Agn

Sexr

Val

Ala

Ser

35

Leu

Ser

Glu

Pro

Ala

115

Ser

Glu

Ser

Leu

Val
195

Leu

Thr

20

Ile

Gly

Pro

Leu

100

Ala

Gly

Ala

Gln

Ser
180

Thr

Leu

Leu

Ser

Glu
g5

Thr

Pro

Thr

Glu
165

Ser

Ala

<210> SEQ ID NO 38

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Val Val Val

1

Val

Gly

Glu

Thr
65

ATg

Glu

Leu

Glu

Glu
145

Leu

Gln

2la

50

Hig

Val

Leu

Leu

Agn
130

Glu

Leu

Ala
35
Ala

Leu

Ala

Glu

Glu

115

Gln

Glu

Leu

20

Leu

Ser

Ser

Ala

Gln

100

Agn

Glu

Ala

261

Homo sapiens

38

Ala

5

Ser

Pro

Gly

Pro

Gln

85

Gln

Gln

Leu

Glu

Gln

Ser

His

Leu

Gly

70

ASP

Phe

Ser

Ala

Vval

150

Ser

Thr

Ala

Gly

Leu

Gly

Glu
70

Thr

Vval

Leu

ATg

Ala
150

Ser

Trp
Ala

55

Ser

Phe

Gly

Val

Ser

135

Gln

Val

Leu

Glu

Ala

Gln

Met

Leu

55

Glu

Ala

Val

Leu

Gln
135

Pro

Arg

Tyr

40

Ser

Gly

Ala

Gly

Phe

120

Val

Trp

Thr

Thr

Val
200

Pro

Pro

Val
40

Pro

ATy

ASDP

ATrg

120

ATy

Gly

Ala
Ala
25

Gln

Thr

Val

Gly

105

Tle

Val

Glu

Leu
185

ASn

Ala
25

Pro

Gln

Ala

ASP

Leu

105

Glu

Leu

Agn

Thr

10

Ser

Gln

Leu

ASp

Tvyr

50

Thr

Phe

Val
Gln
170

Sexr

Pro
10

Ser

2la

2la

Leu

Arg
S0

Glu

Gly

Glu

Leu

Glu

Phe
75

Pro

Leu

ASp

155

ASDP

Ala

Ala

Gln

ATrg

AYg
75

Glu

Thr

Met

Val
155

46

-continued

Sery Leu Ser Pro

Gly

Pro

Ser

60

Thr

Val

Pro

Leu

140

AsSn

Ser

Ala

ASpP

Ala

ATYg

Lys

60

ATYJ

Glu

Hig

ASP

140

ATYg

Vval

Gly

45

Gly

Leu

Gln

Glu

Ser

125

Asn

Ala

Asp

Gly

Gly

Gly

45

Arg

Ala

AsSn

Gly

125

Ala

Pro

Ser

30

Gln

Val

Thr

His

Tle

110

ASP

Agn

Leu

ASP

Tyr
190

Thr

Ala
30

Ala

Gln

Leu

ATg

Gln
110

Leu

Leu

Val

15

Thr

2la

Pro

Tle

Ser

55

Glu

Phe

Gln

Ser

175

Glu

Pro
15

Pro

Ser

Arg

Val

Val

2la

Gly

Ser

Pro

Ala

Ser

80

ATrg

Gln

Ser
160

Thr

2la

Pro

Leu

Agn

80

Ser

Leu

Val

Ala

Gly
160

Aug. 29, 2024



US 2024/0285740 Al

Ser

Gln

Val

Thr

Pro
225

2la

2la

Leu

Thr

210

2la

Gln

Pro

Glu

Gln

Thr

195

Trp

Trp

Pro

Leu

Ser

Leu

180

Leu

Thr

ATg

Pro

Met

2la
165

Ser

Gln

Gln

Ser

Phe

245

Asn

Ala

Pro

Tle

Ser

Ser

230

Leu

Leu

Leu

Gln

Cys

215

Gln

Arg

Gln

Ser

200

Ser

ATrg

Gln

Leu

Agn

185

Leu

Ser

Ser

Trp

Arg

170

Ile

Tle

Agn

Thr

Gly
250

A2la

Ser

Ser

Ala

Gln

235

Arg

47

-continued

Pro

Pro

Leu
220

Hig

Leu

Trp

Trp

205

Pro

Asp

Gln

260

1. A method of treating a human subject with a blood
cancer or a pre-cancerous blood condition, the method
comprising administering to the human subject a therapeu-
tically eflective amount of one or more 1inhibitory agents that
inhibit interaction between human Lymphocyte-activation

gene 3 (LAG3) and human Galectin-3 (GAL3).

2. A method of treating a human subject with a pre-
cancerous blood condition, or a blood cancer wherein pre-

cancerous cells or cancer cells of these conditions express
one or more of X-Box Binding Protein 1 (XBP1), CD2

Subset 1 (CS1), and CD138, the method comprising admin-
istering to the human subject a combination of

(a) a therapeutically eflective amount of one or more
inhibitory agents that inhibit the interaction between
human LAG3 and human GAL3; with

(b) at least one of

(1) a multipeptide vaccine comprising a mixture of
immunogenic peptides from one or more of XBP1,
CS1, and CD138 that can induce antigen-specific T
lymphocytes with anti-cancer activity;

(11) ex vivo activated XBP1, CS1, and/or CDI138-

specific T lymphocytes or peripheral blood mono-
nuclear cells (PBMCs) with anti-cancer activity; and

(111) nanoparticles comprising a mixture ol 1mmuno-
genic peptides from one or more of XBP1, CS1, and
CD138 that can imnduce antigen-specific T lympho-
cytes with anti-cancer activity.

3. A method for inhibiting progression from smoldering
multiple myeloma (SMM) or monoclonal gammopathy of
undermined significance (MGUS) to multiple myeloma
(MM) 1n a human subject in need thereof, the method
comprising administering to the human subject a combina-
tion of

(a) a therapeutically eflective amount of one or more

inhibitory agents that inhibit the interaction between
human LAG3 and human GAL?3; with

(b) at least one of

(1) a multipeptide vaccine comprising a mixture of

immunogenic peptides from one or more of XBP1,
CS1, and CD138 that can induce antigen-specific T
lymphocytes with anti-cancer activity;

Gln

Ile

190

Ala

Gln

Pro

Pro

Gln
175

Leu

Phe

Ser

Val

Ser
255

Val

2la

Trp

Leu

Pro

240

Trp

Aug. 29, 2024

(11) ex vivo activated XBP1, CS1, and/or CD138-
specific T lymphocytes or peripheral blood mono-

nuclear cells (PBMCs) with anti-cancer activity; and
(111) nanoparticles comprising a mixture ol 1mmuno-
genic peptides from one or more of XBP1, CS1, and
CD138 that can mnduce antigen-specific T lympho-
cytes with anti-cancer activity.
4. The method of any one of claims 1-3, wherein the
inhibitory agent 1s
(a) an anti1-LAG3 antibody, that specifically binds to
human LAG3;

(b) an anti-GAL3 antibody, that specifically binds to
human GAL3;

(c) a polypeptide comprising an extracellular domain of
[LAG?3 that binds GAL3; or

(d) a GAL3 inhibitor.
5. The method of claim 4, wherein the inhibitory agent
triggers T lymphocyte proliferation in the human subject

and/or Cluster of Differentiation 107a (CD107a) degranu-
lation and/or Thl-type cytokine production.

6. The method of claim 4, wherein the anti-LAG3 anti-
body and the anti-GAL3 antibody 1s a chimeric antibody, a
humanized antibody, a bispecific antibody, or an antigen-
binding fragment.

7. The method of claim 4, wherein the anti-LAG3 anti-
body and the anti-GAL3 antibody 1s an antigen-binding
fragment that 1s an Fab, F(ab),, a scFv, a sc(Fv),, or a
diabody.

8. The method of claim 4, wherein

the anti-LAG3 antibody 1s

(1) an anti1-LAG3 antagonistic antibody (optionally,
Relatlimab, Fncelimab, Favezelimab, Fianlimab,
Ieramilimab, or Miptenalimab);

(11) an anti-LAG3 depleting antibody (optionally
IMP731, or GSK2831781); or

(111) a soluble LAG3 immunoglobulin (optionally Efti-
lagimod alpha);

(1v) a bispecific antibody that binds LAG3 and Pro-
grammed cell death protein 1 (PD1), or LAG3 and

tumor necrosis factor receptor superfamily, member
4 (0X40), or LAG3 and Glucocorticoid-Induced

Tumor Necrosis Factor Receptor-Related (GITR);
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the GAL3 ibhibitor 1s
(1) a small molecule mhibitor of LAG3 or GAL3; or

(11) GB0139 (TD139), belapectin, or modified citrus
pectin.

9. The method of claim 4, wherein the anti-LAG3 anti-
body and/or the anti-GAL3 antibody has one or more of the
following functions:

(a) blocks interaction between LAG3 and GAL3;

(b) the anti-LAG3 antibody competes with GAL3 for
LAG3 binding and/or the anti-GAL3 antibody com-
petes with LAG3 for GAL3 binding;

(c) blocks LAG3 and/or GAL3 activation; or

(d) blocks LAG3 and/or GAL3 signaling.

10. The method of any one of claims 1-3, wherein the
human subject 1s concurrently treated with one or more
additional treatments, wherein the additional treatment i1s
one or more forms of 1onizing radiation and/or one or more
agents selected from the group consisting of a therapeutic
antibody, an immunomodulatory drug, a histone deacetylase
(HDAC) inhibitor, an antineoplastic agent, a proteasome
inhibitor, an antibody-drug conjugate, a nuclear export
inhibitor; a corticosteroid.

11. The method of claim 10, wherein

the therapeutic antibody 1s selected from one or more of

an anti-PD1 antibody (optionally Pembrolizumab or
Nivolumab), an anti-PD-L1 antibody (optionally Dur-
valumab), an anti-CD38 antibody (optionally Daratu-
mumab or Isatuximab), an anti-SLAME7 antibody (op-
tionally Flotuzumab), an anti-CTLA4 antibody
(optionally Ipilimumab or Tremelimumab), an anti-
TIM3 antibody (optionally Cobolimab), an ant1-VISTA
antibody (optionally SG7 or W0180), an ant1-OX-40
antibody (optionally PF-04518600, or IBI101), and an
ant1-GITR antibody (optionally BMS-986156);

the immunomodulatory drug is selected from one or more
of lenalidomide, pomalidomide, and thalidomide;

the HDAC inhibitor 1s citarinostat and/or panobinostat;

the antineoplastic agent 1s selected from one or more of
cyclophosphamide, etoposide, oxorubicin, liposomal
doxorubicin, melphalan, melphalan flufenamide, and
bendamustine;

the proteasome inhibitor 1s selected from one or more of
bortezomib, carfilzomib, and 1xazomib;

the antibody-drug conjugate 1s belantamab mafodotin-

blmf:;

the nuclear export inhibitor 1s selinexor; and
the corticosteroid 1s dexamethasone and/or prednisone.

12. The method of claim 1 or 2, wherein the blood cancer
1s multiple myeloma (MM), leukemia, Non-Hodgkin lym-
phoma (NHL), or Waldenstrom’s macroglobulinemia; and
the pre-cancerous blood condition 1s smoldering multiple

myeloma (SMM) or monoclonal gammopathy of under-
mined significance (MGUS).

13. The method of claim 12, wherein the MM 1s active

MM, newly diagnosed MM, relapsed MM, or relapsed/
refractory MM.

14. The method of claim 2 or 3, wherein the peptide
vaccination further comprises administering an adjuvant
(optionally incomplete Freund’s adjuvant (IFA), Polyinos-
mic-polycytidylic acid, or poly-L-lysine (poly-ICLC)).

15. The method of claim 5, wherein the Thl-type cytokine

1s one or more of iterferon-y (IFNvy), interleukin 2 (IL-2),
IL-12, IL-18, and IL-27.
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16. The method of claim 2 or 3, wherein the mixture of

immunogenic peptides 1s selected from

(a) one, two, three, or four HLA-A2-restricted peptides
recited below:

(1) a peptide of 50 amino acids or less 1n length compris-
ing the amino acid sequence of non-spliced XBP1 set
forth mn SEQ ID NO: 24 (YISPWILAV) with 0, 1, 2, 3,
or 4 substitutions, wherein the non-spliced XBP1 pep-
tide binds to HLA-A2:

(11) a peptide of 50 amino acids or less i length and
comprising the amino acid sequence of spliced XBP1
set forth 1n SEQ ID NO: 25 (YLFPQLISV) with 0, 1,
2, 3, or 4 substitutions, wherein the spliced XBPI1
peptide binds to HLA-A2;

(111) a peptide of 50 amino acids or less i length and
comprising the amino acid sequence of CD138 peptide
set forth 1n SEQ ID NO: 26 (GLVGLIFAV) with 0, 1,

2, 3, or 4 substitutions, wherein the CD138 peptide
binds to HLA-A2; and

(1v) a peptide of 50 amino acids or less 1 length com-
prising the amino acid sequence of CS-1 set forth n
SEQ ID NO: 27 (SLFVLGLFL) with 0, 1, 2, 3, or 4
substitutions, wherein the CS-1 peptide binds to HL A-
A2;

Oor

(b) one, two, three, or four HLA-A24-restricted peptides
recited below

(1) a peptide of 50 amino acids or less 1n length compris-
ing the amino acid sequence of non-spliced XBP1 set
forth in SEQ ID NO: 28 (ISPWILAVL) with 0, 1, 2, 3,

or 4 substitutions, wherein the non-spliced XBP1 pep-
tide binds to HLA-A24:

(11) a peptide of 50 amino acids or less i length and
comprising the amino acid sequence of spliced XBP1
set forth in SEQ ID NO: 29 (VYPEGPSSL) with 0, 1,
2, 3, or 4 substitutions, wherein the spliced XBP1I
peptide binds to HLA-A24;

(111) a peptide of 50 amino acids or less 1 length and
comprising the amino acid sequence of CD138 set forth
in SEQ ID NO: 30 (IFAVCLVGF) with O, 1, 2, 3, or 4
substitutions, wherein the CDI138 peptide binds to
HLLA-A24; and

(1v) a peptide of 50 amino acids or less 1 length com-
prising the amino acid sequence of CS-1 set forth n
SEQ ID NO: 32 (LFVLGLFLW) with O, 1, 2, 3, or 4

substitutions, wherein the CS-1 peptide binds to HL A-
A24,

17. The method of claim 2 or 3, wherein the mixture of
immunogenic peptides 1s selected from

(a) one, two, three, or four of HLA-A2-restricted peptides
recited below:

(1) a peptide comprising the amino acid sequence of
non-spliced XBP1 set forth in SEQ ID NO: 24 (YIS-
PWILAV);

(11) a peptide comprising the amino acid sequence of
spliced XBP1 set forth mm SEQ ID NO: 25
(YLFPQLISV);

(111) a peptide comprising the amino acid sequence of
CD138 set forth in SEQ ID NO: 26 (GLVGLIFAV); and

(1v) a peptide of comprising the amino acid sequence of
CS-1 set forth 1n SEQ ID NO: 27 (SLFVLGLEFL); or

(b) one, two, three, or four of HLA-A24-restricted pep-
tides recited below:
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(1) a peptide comprising the amino acid sequence of
non-spliced XBP1 set forth in SEQ ID NO: 28 (ISP-
WILAVL);

(11) a peptide comprising the amino acid sequence of
spliced XBP1 set forth mm SEQ ID NO: 29
(VYPEGPSSL);

(111) a peptide comprising the amino acid sequence of
CD138 set forth 1n SEQ ID NO: 30 (IFAVCLVGF); and

(1v) a peptide comprising the amino acid sequence of
CS-1 set forth in SEQ ID NO: 31 (LFVLGLFLW).

18. The method of claim 2 or 3, wherein the mixture of

immunogenic peptides 1s selected from (a) one, two, three,
or four of HLA-A2-restricted peptides recited below:

(1) a peptide consisting of the amino acid sequence of
non-spliced XBP1 set forth 1n SEQ ID NO: 24 (YIS-
PWILAV);

(11) a peptide consisting of the amino acid sequence of
spliced XBP1 set forth i SEQ ID NO: 25
(YLFPQLISV);

(111) a peptide consisting of the amino acid sequence of
CD138 set forth in SEQ ID NO: 26 (GLVGLIFAV); and

(1v) a peptide of consisting of the amino acid sequence of
CS-1 set forth in SEQ ID NO: 27 (SLFVLGLFL); or

(b) one, two, three, or four of HLA-A24-restricted pep-
tides recited below:

(1) a peptide consisting of the amino acid sequence of
non-spliced XBP1 set forth in SEQ ID NO: 28 (ISP-

WILAVL);

(11) a peptide consisting of the amino acid sequence of
spliced XBP1 set forth i SEQ ID NO: 29
(VYPEGPSSL);

(111) a peptide consisting of the amino acid sequence of
CD138 set forth in SEQ ID NO: 30 (IFAVCLVGF); and

(1v) a peptide consisting of the amino acid sequence of
CS-1 set forth in SEQ ID NO: 31 (LFVLGLFLW).
19. The method of claim 2 or 3, wherein the ex vivo
activated T lymphocytes are generated by the following
steps:
(a) providing or 1solating T lymphocytes and antigen
presenting cells from the human subject or an HLA-
matched donor:

(b) contacting the antigen presenting cells with a multi-
peptide vaccine comprising three or more of a non-
spliced XBP1 peptide, a spliced XBP1 peptide, a
CD138 peptide, and a CS-1 peptide; and

(c) contacting the T lymphocytes with the antigen pre-
senting cells from step (b) to generate ex vivo activated
T lymphocytes.

20. The method of claim 2 or 3, wherein the ex vivo

activated PBMCs are generated by the following steps:

(a) providing or 1solating PBMCs from the human subject
or an HLA-matched donor;

(b) contacting the PBMCs with a mixture of immunogenic
peptides comprising three or more of a non-spliced
XBP1 peptide, a spliced XBP1 peptide, a CD138
peptide, and a CS-1 peptide; and

(c) generating ex vivo activated PBMCs.

21. The method of claim 2 or 3, wherein the components

of (a) and (b) of the combination are administered simulta-
neously, sequentially or, alternately.

22. The method of claim 2 or 3, wherein the components
of (a) and (b) of the combination are administered multiple
times during treatment.
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23. The method of claim 2 or 3, wherein the components
of (a) and (b) of the combination are administered intrave-
nously, intra-arterially, subcutaneously, intramuscularly,
intraperitoneally, transdermally, orally, sublingually, 1ntra-
nasally, or transmucosally to the subject.

24. The method of claim 10, wherein the method increases
at least one of the following parameters 1n the human subject
relative to a control population treated with the one or more
additional treatments alone:

(a) objective response rate (ORR);

(b) time to next treatment (TTINT);

(c) overall survival (OS);

(d) progression iree survival (PFS); and

(¢) the chance of achieving a negative minimal residual
disease (MRD).

25. The method of claim 1 or 2, wherein the human

subject with the pre-cancerous blood condition does not
develop MM.

26. A method for increasing T lymphocyte responses 1n a
tumor microenvironment while reducing immunosuppres-
sion 1n a human subject in need thereof, the method com-
prising administering a combination of

(a) a therapeutically effective amount of one or more

inhibitory agents that inhibit the interaction between
human LAG3 and human GAL3; with

(b) a therapeutically eflective amount of one or more of an
ant1-PD1 antibody, an anti-OX40 antibody, and an
ant1-GI'TR antibody.

277. The method of claim 26, wherein the inhibitory agent
1s an ant1-LAG3 antibody or an anti-GAL3 antibody.

28. The method of claim 27, wherein the anti-LAG3
antibody 1s Relatlimab and the anti-PD1 antibody 1s Pem-
brolizumab or Nivolumab.

29. A pharmaceutical composition comprising (a) any one
or a mixture of two or more immunogenic peptides, wherein
the 1mmunogenic peptides comprise the amino acid
sequence of a non-spliced XBP1 peptide, a spliced XBP1
peptide, a CD 138 peptide, and a CS1 peptide; (b) a LAG3
inhibitory agent and/or a GAL3 inhibitory agent; and (c) a
pharmaceutically acceptable carrier.

30. A combination comprising (a) a multipeptide vaccine
comprising at least three immunogenic peptides, wherein the
immunogenic peptides comprise the amino acid sequence of
a non-spliced XBP1 peptide, a spliced XBP1 peptide, a CD
138 peptide, and a CS-1 peptide; and (b) a composition
comprising a LAG3 mhibitory agent and/or a GAL3 inhibi-
tory agent.

31. A combination comprising (a) means for targeting
HLA-A2+ or HLA-A24+ pre-cancerous or cancerous cells

that express one or more of XBP1, CS1, and CD138, and (b)
a LAG3 mhibitory agent and/or a GAL3 inhibitory agent.

32. A combination comprising (a) anti-myeloma-specific

T lymphocytes targeting XBP1, CD138 and CS1-expressing
cells from SMM, MGUS, or MM patients and (b) means for

specifically binding human LAG3 and/or means for speciii-
cally binding human GAL?3.

33. A combination comprising (a) anti-myeloma-specific
PBMCs targeting XBP1, CD138 and CS1-expressing cells
from SMM, MGUS, or MM patients and (b) means for

specifically binding human LAG3 and/or means for specifi-
cally binding human GAL?3.

34. A combination comprising (a) nanoparticles compris-
ing a mixture of immunogenic peptides from one or more of
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XBP1, CS1, and CDI138 and (b) means for specifically
binding human LAG3 and/or means for specifically binding
human GAL?3.

35. The combination of any one of claims 30-34, wherein
(a) and (b) are formulated for administration to a human

subject 1n need thereof, simultaneously, sequentially or,
alternately.

36. A kit comprising (a) a first composition comprising at
least three of a non-spliced XBP1 peptide, a spliced XBP1
peptide, a CD138 peptide and a CS-1 peptide, (b) a second
composition comprising an anti-LAG3 antibody and/or an
anti-GAL3 antibody, and optionally, (c) instructions for
administering the first and second compositions to a subject.

37. The kit of claim 36, further comprising one or more
additional therapeutic agents.
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